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PREFACE 
This r e p o r t  covers  t he  15 June 1969 t o  14 September 1969 a c t i v i t i e s  of 
the  NASA Biomedical Applicat ion Team a t  the  Research Tr iangle  I n s t i t u t e .  
These a c t i v i t i e s  were performed i n  accomplishing Tasks A through F, 
Statement of Work, NASA Contract No. NASW-1950. Accomplishment of 
Task G ,  Supplementary E f f o r t s ,  i s  reported sepa ra t e ly .  This work was 
performed i n  t he  Engineering and Environmental Sciences Divis ion of the  
Research Tr iangle  I n s t i t u t e  under the  t echn ica l  d i r e c t i o n  of D r .  James N. 
Brown, Jr. Ful l- t ime members of the team and o t h e r  RTI s t a f f  members who 
p a r t i c i p a t e d  i n  t h e  p r o j e c t  a r e  D r .  F. T. Wooten, M r .  Ernest  Harr ison,  and 
Mrs. Sandra K. Burt.  Assis tance from o t h e r  members of the RTI s t a f f  i s  
obtained on an as-needed b a s i s .  
Medical consu l t an t s  who cont r ibu ted  s i g n i f i c a n t l y  t o  t he  p ro j ec t  a r e  
D r .  E. A .  Johnson, Professor  of Cardiac Pharmacology, Duke Univers i ty  
Medical Center ,  Durham, North Carolina and D r .  G. S. Malindzak, Jr . ,  
Associate  Professor  of Physiology, Wake Fores t  Univers i ty ,  Bowman Gray 
School of Medicine, Wins ton-Salem, North Carol ina.  
ABSTRACT 
This  r epo r t  p re sen t s  t he  r e s u l t s  of t he  a c t i v i t i e s  of the  NASA 
Biomedical Applicat ion Team a t  the Research Tr iangle  I n s t i t u t e .  This 
experimental program i n  technology t r a n s f e r  was supported by NASA Contract 
No. NASW-1950 f o r  t he  r epo r t ing  period 15 June 1969 t o  14 September 1969. 
The RTI Biomedical Appl ica t ion  Team i s  a  m u l t i d i s c i p l i n a r y  team of sc ien-  
t i s t s  and engineers  a c t i n g  a s  an  information and technology i n t e r f a c e  
between NASA and ind iv idua l s ,  i n s t i t u t i o n s ,  and agencies  involved i n  
biomedical research  and c l i n i c a  1 medicine. A t  p r e sen t ,  t he  RTI 
Biomedical Applicat ion Team i s  s t a f f e d  by: J. N. Brown, E l e c t r i c a l  
Engineer;  F. T. Wooten, E l e c t r i c a l  Engineer; Ernest  Harr ison,  Phys i c i s t  
and Mater ia l s  S c i e n t i s t ;  and Sandra Burt ,  Information S p e c i a l i s t .  
Addi t iona l ly ,  t he  team draws upon the  c a p a b i l i t y  of o t h e r  members of 
the  RTI s t a f f  a s  needed. 
Eight  medical organiza t ions  a r e  p re sen t ly  p a r t i c i p a t i n g  i n  t he  RTI 
Biomedical Applicat ion Team program: Duke Univers i ty  Medical Center ,  
Durham, North Carol ina;  t he  Medical School of the  Univers i ty  of North 
Carol ina,  Chapel H i l l ,  North Carol ina;  the Univers i ty  of North Carol ina 
Dental School and Dental Research Center,  Chapel H i l l ,  North Carol ina;  
the  Bowman Gray School of Medicine, Winston-Salem, North Carol ina;  t he  
North Carolina S t a t e  Univers i ty ,  Raleigh, North Carol ina;  the  Veterans 
Administrat ion Hospi ta l ,  Durham, North Carol ina;  t he  I n s t i t u t e  of 
Rehab i l i t a t i on  Medicine of New York Univers i ty  Medical Center ,  New York, 
New York; and the  National  Cancer I n s t i t u t e ,  Bethesda, Maryland. 
The accomplishments of the Research Tr iangle  I n s t i t u t e  Biomedical 
Applicat ion Team during t h e  r epo r t ing  qua r t e r  a r e  a s  follows: The team 
has i d e n t i f i e d  19 new problems f o r  i nves t iga t ion ,  accomplished four  
t r a n s f e r s  of technology, closed seven old problems, and on 14 September 
1969, had a t o t a l  of 92 problems under a c t i v e  inves t iga t ion .  
S i g n i f i c a n t  t r a n s f e r s  of technology inc lude  a  new ma te r i a l  f o r  h ip  
j o i n t  p ros thes i s  developed from low f r i c t i o n  space bear ings ,  a s  we l l  a s  
a cardiotachometer designed at NASA'S Lewis Research Center. 
New conclusions drawn regarding selection criteria for consultants 
will allow more rapid identification of consultants at user institutions. 
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1.0 INTRODUCTION ANL, SUMMARY 
The Technology Utilization Division of the National Aeronautics and 
Space Administration is experiencing success in transferring the scientific 
and technological results of the nation's aerospace activities to applica- 
tions in nonaerospace related national programs. The transfer of science 
and technology to the biomedical field and the study of the process by 
which this transfer occurs is one of the major endeavors in NASA's 
Technology Utilization Program. Systematic problems are encountered in 
transferring technology to problems and needs existing in the biomedical 
field. These problems are a result of differences in languages, 
methodologies, and environments encountered in the physical, engineering, 
and life sciences. 
In order to create a mechanism for and to facilitate the transfer of 
scientific and technological information to clinicians and medical in- 
vestigators, the National Aeronautics and Space Administration is presently 
sponsoring three multidisciplinary Biomedical Application Teams. These 
three teams are located at the Research Triangle Institute, Research 
Triangle Park, North Carolina; the Midwest Research Institute, St. Louis, 
Missouri; and the Southwest Research Institute, San Antonio, Texas. These 
three application teams closely coordinate their activities to avoid 
duplication of effort and to enhance investigation of the technology 
transfer process. 
The objectives of NASA'S Biomedical Application Team Program are 
both experimental and operational. The experimental phase of the program 
is the study of the technology transfer process and the development of a 
systematic approach to transferring aerospace technology to applications 
in medicine and biomedical research. The operational phase of the program 
is the transfer of specific items of aerospace technology to the biomedical 
field and the generation of a data base for further study of the transfer 
process. 
The methodology employed by the Biomedical Application Team can 
be subdivided into four major phases of action: identification and 
specification of the problem, identification of relevanr information 
o r  technology, eva lua t ion  of p o t e n t i a l l y  app l i cab le  information o r  
technology, and documentation of s p e c i f i c  a p p l i c a t i o n s  o r  technology 
t r a n s f e r s  and t h e  manner i n  which these  technology t r a n s f e r s  were 
accomplished. The methodology i s  out l ined  i n  a flow c h a r t  shown i n  
the  f i g u r e  on page 5.  
The f i r s t  phase of the  t r a n s f e r  process ,  i d e n t i f i c a t i o n  and spec i -  
f i c a t i o n  of t he  problem, i s  t h e  i n i t i a t i o n  of d i scuss ion  between members 
of t he  team and medical i n v e s t i g a t o r s  a t  p a r t i c i p a t i n g  medical i n s t i t u t i o n s ,  
I n  these  meet ings,  team members o b t a i n  an  understanding of the  problems 
and requirements posed by the  medical i n v e s t i g a t o r s  and of t he  way 
t h e s e  problems a r e  a f f e c t i n g  the progress  of medical r e sea rch  o r  
h inder ing  p a t i e n t  t reatment  and ca re .  Following these  d i scuss ions  and 
pre l iminary  l i t e r a t u r e  research ,  t h e  team i d e n t i f i e s  s p e c i f i c  technology- 
r e l a t e d  problems and prepares  biomedical problem a b s t r a c t s  on each 
s p e c i f i c  problem. These biomedical problem a b s t r a c t s  desc r ibe  a s i n g l e  
problem i n  a concise  manner us ing  funct iona 1 and nondisc ip l inary  terminology. 
The a l s o  desc r ibe  the  s ign i f i cance  of t h e  problem and t h e  b e n e f i t s  which 
would l i k e l y  be  r ea l i zed  i f  a s o l u t i o n  can be found. 
The second phase i n  the  t r a n s f e r  process ,  t he  i d e n t i f i c a t i o n  of 
r e l evan t  information and technology, involves  two approaches t o  obta in ing  
information.  The f i r s t  approach i s  a computerized informat ion  search  of 
NASA'S aerospace information bank. This information bank c o n s i s t s  of 
t h e  e n t r i e s  i n  t he  S c i e n t i f i c  and Technical  Aerospace Reports and t h e  
I n t e r n a t i o n a l  Aerospace Abs t rac ts .  These computer information searches 
a r e  performed co l l abo ra t ive ly  by members of the  a p p l i c a t i o n  team and 
app l i ca t ions  engineers  a t  NASA Regional Dissemination Centers ,  such a s  
t h e  North Carol ina Science and Technology Research Center located i n  the  
Research Tr iangle  Park, North Carol ina.  I n  the  second approach, biomedical 
problem s ta tements  a r e  desseminated through the  Technology U t i l i z a t i o n  
Divis ion of NASA t o  the  NASA Research Centers  t o  s o l i c i t ,  from ind iv idua l  
engineers  and s c i e n t i s t s ,  a s s i s t a n c e  i n  so lv ing  problems. 
The t h i r d  s t e p  i n  the  t r a n s f e r  process  involves a n  eva lua t ion  of 
information which appears t o  be r e l evan t  t o  the s o l u t i o n  f o r  a s p e c i f i c  
problem. T h i s  e v a l u a t i o n  is  performed bo th  by members of t h e  team a s  
w e l l  a s  t h e  problem o r i g i n a t o r .  I f  i n f o r m a t i o n  i s  i d e n t i f i e d  which 
a p p e a r s  t o  o f f e r  a  s o l u t i o n  t o  a  s p e c i f i c  problem, t h e  team encourages  
and,  t o  a  c e r t a i n  e x t e n t ,  a s s i s t s  t h e  i n v e s t i g a t o r  i n  a p p l y i n g  t h i s  
i n f o r m a t i o n  i n  h i s  r e s e a r c h  p r o j e c t .  
The f i n a l  phase  of a c t i v i t y  i n v o l v e s  t h e  complete  and d e t a i l e d  
documentat ion of s p e c i f i c  problems, t h e  technology of i n f o r m a t i o n  which 
was a p p l i e d ,  and a  d e s c r i p t i o n  of how t h e  r e l e v a n t  i n f o r m a t i o n  w a s  
i d e n t i f i e d .  Documentation i s  r e q u i r e d  b o t h  f o r  f u r t h e r  s t u d y  of t h e  
t r a n s f e r  p r o c e s s  a s  w e l l  a s  f o r  wide d i s s e m i n a t i o n  of t h e  i n f o r m a t i o n  
th roughout  t h e  medica l  community. 
E i g h t  med ica l  s c h o o l s  and i n s t i t u t i o n s  a r e  p r e s e n t l y  p a r t i c i p a t i n g  
i n  t h e  RTI Biomedical  A p p l i c a t i o n  Team program. The i n t e r f a c e  w i t h  each 
i n s t i t u t i o n  depends on t h e  p a r t i c u l a r  c i r cumstances  b u t ,  i n  each c a s e ,  
t h e  g o a l  i s  t o  p rov ide  minimum i n t e r f a c e  d i f f i c u l t i e s .  For example, a t  
Duke U n i v e r s i t y  Medical  C e n t e r ,  Durham, N.  C . ,  a t  Wake F o r e s t  U n i v e r s i t y  
Bowman Gray School  of Medic ine ,  Winston-Salem, N. C . ,  and a t  t h e  I n s t i t u t e  
of R e h a b i l i t a t i o n  Medicine of  New York U n i v e r s i t y ,  New York, N.  Y . ,  t h e  
team m a i n t a i n s  a c o n s u l t a n t  who is  a  p h y s i o l o g i s t  o r  p h y s i c i a n  and who is  a  
member of t h e  u n i v e r s i t y  f a c u l t y .  These c o n s u l t a n t s  p rov ide  v a l u a b l e  
a s s i s t a n c e  i n  i d e n t i f y i n g  and d e f i n i n g  new problems. At  t h e  Ve te rans  
A d m i n i s t r a t i o n  H o s p i t a l ,  Durham, N.  C . ,  t h e  medica l  s t a f f  i n  g e n e r a l  h o l d s  
j o i n t  appointments  a t  Duke U n i v e r s i t y  Medical  Cen te r  s o  t h a t  a  s e p a r a t e  
team c o n s u l t a n t  is  n o t  r e q u i r e d  a t  t h e  VA H o s p i t a l .  No c o n s u l t a n t  i s  
mainta ined a t  t h e  U n i v e r s i t y  of  North  C a r o l i n a  Medical  School ,  Chapel H i l l ,  
N .  C . ,  and t h e  U n i v e r s i t y  of  North C a r o l i n a  D e n t a l  School and D e n t a l  
Research C e n t e r ,  Chapel H i l l ,  N .  C .  At  t h e  N a t i o n a l  Cancer I n s t i t u t e ,  t h e  
c o n s u l t a n t  is  a  s t a f f  e n g i n e e r  who i s  i n t i m a t e l y  f a m i l i a r  w i t h  t h e  
r e s e a r c h  a c t i v i t i e s  a t  N C I  and ,  t h u s ,  p r o v i d e s  t h e  v a l u a b l e  a s s i s t a n c e  
u s e f u l  i n  i d e n t i f y i n g  and d e f i n i n g  problems. At North C a r o l i n a  S t a t e  
U n i v e r s i t y ,  Ra le igh ,  N .  C . ,  no c o n s u l t a n t  is  r e q u i r e d  because  of t h e  low - 
number of a v a i l a b l e  problems a t  t h i s  i n s t i t u t i o n  and because  team members 
have a  good p e r s o n a l  knowledge of campus r e s e a r c h  a c t i v i t i e s .  
Sect ion  1.0 of t h i s  r e p o r t  conta ins  a  summary and in t roduc t ion  
t o  t he  r e p o r t .  Sec t ion  2 .0  p re sen t s  a  d i scuss ion  of t he  t r a n s f e r s  
of technology made by t h e  Research Tr iangle  I n s t i t u t e ' s  Biomedical 
Applicat ion Team dur ing  t h i s  qua r t e r .  Sec t ion  3.0 enumerates t h e  new 
problems which have been i d e n t i f i e d .  Sec t ion  4.0 c o n s i s t s  of a  problem 
s t a t u s  summary, which g ives  b r i e f l y  t h e  cu r r en t  s tanding  of t he  var ious  
problems. Sec t ion  5 .0  p re sen t s  o the r  a c t i v i t i e s  of the  team while  
s e c t i o n  6 .0  conta ins  a  d i scuss ion  of conclusions drawn t h i s  q u a r t e r .  
Sec t ion  7.0 con ta ins  s p e c i f i c  p lans  f o r  t h e  coming qua r t e r .  








AND PROBLEM ABSTRACT 
RESPONSES 
2.0  TECJ3NOLOGY TRANSFERS 
2 .1  In t roductory  Information 
The bas i c  ope ra t iona l  goal  of t h i s  program i s  t o  t r a n s f e r  
aerospace technology t o  the f i e l d  of medicine. A t r a n s f e r  i s  def ined 
a s  t he  u t i l i z a t i o n  of aerospace-related technology f o r  a  purpose o the r  
than t h a t  f o r  which t h e  technology was o r i g i n a l l y  developed. 
The documentation of t r a n s f e r s  conta ins  t he  fol lowing information:  
( 1 )  Descr ip t ion  of Problem, ( 2 )  Descr ip t ion  of So lu t ion ,  (3)  Successful  
Searching Method, ( 4 )  Bene f i t s  t o  be Derived from Transfer ,  and ( 5 )  
Elapsed Time t o  Complete. 
The t r a n s f e r s  documented he re  r ep re sen t  a  s o l u t i o n  t o  the  following 
problems : 
DU-41 "Electrode Vest f o r  EKG Measurement" 
DU-56 " h a t e r i a l  f o r  Hip J o i n t  Pros thes is"  
UNC-38 "Electromyography a s  an  Aid t o  Hand Rehab i l i t a t i on"  
UNC-53 "Design Information Relat ing to  Cardiotachometer 
C i r cu i t ry"  
Fur ther  information on any t r a n s f e r  can be obtained by 
contac t ing  the  team member l i s t e d  f o r  each t r a n s f e r .  
2.2 Transfer  Documentation 
DU-41 
Elec t rode  Vest f o r  EKG Measurement 
D r .  W.  E .  Hammond, Duke Univers i ty  Medical Center 
Team Member - D r .  F. T. Wooten 
Problem Acquired - January 1969 
Transfer  Made - June 1969 
Elapsed Time - 5 months 
D r .  Hammond has a genera l  i n t e r e s t  i n  hea l th-screening  c l i n i c s .  He 
i s  s tudying ways t o  improve the  measurement techniques f o r  such c l i n i c s .  
One important measurement f o r  such c l i n i c s  i s  the  electrocardiogram (EKG). 
This  measurement normally i s  made us ing  l e s s  than t en  e l e c t r o d e s ,  wi th  
t he  e l ec t rodes  normally being a t tached  t o  t he  body by hand. D r .  Hammond 
p l ans  t o  use up t o  150 e l ec t rodes  which would consume too  much time f o r  
attachment manually. I n  o rde r  t o  f a c i l i t a t e  t h e i r  placement, t he  researcher  
wants a v e s t  implanted wi th  e l ec t rodes .  The v e s t  should be adaptable  f o r  
bo th  sexes from ages 3 t o  16 years  and should cover the  a r e a  from the  neck 
t o  the  wa i s t .  Because of the  wide range of p a t i e n t  s i z e ,  s eve ra l  v e s t s  
w i l l  be required.  
A computer search ,  #1595, "EKG Elec t rodes ,  " disc losed  s e v e r a l  a r t i c l e s  
of i n t e r e s t  on e l e c t r o d e s  bu t  no information on v e s t s .  A team member then 
contacted a l o c a l  NASA c o n t r a c t o r ,  Payne and Assoc ia tes ,  who has experience 
i n  l i f e  v e s t  design and manufacture. The con t r ac to r  designed and b u i l t  
a pro to type  i n f l a t a b l e  v e s t  f o r  eva lua t ion  which i s  ad jus t ab le  i n  s i z e  
and can be i n f l a t e d  f o r  good con tac t .  The v e s t  has been de l ivered  t o  the 
r e sea rche r .  
Team knowledge of l o c a l  commercial con t r ac to r s .  
Benef i t s  t o  be Derived from Transfer  
This t r a n s f e r  w i l l  enable  the researcher  t o  eva lua te  v e s t s  f o r  EKG 
measurement i n  heal th-screening c l i n i c s .  These c l i n i c s  w i l l  provide v i t a l  
information i n  screening la rge  numbers of p a t i e n t s  f o r  h e a l t h  problems. The 
EKG measurement i s  v i t a l  i n  diagnosing h e a r t  d i sease  which i s  respons ib le  f o r  
about ha l f  the  deaths  i n  t h i s  country,  
Mater ia l  f o r  Hip J o i n t  Prostheses  
D r .  Donald E. McCollum 
Duke Univers i ty  Medical Center 
Team Member - Dr. F. Thomas Wooten 
Problem Acquired - June 1969 
Transfer  Made - August 1969 
Elapsed Time - 3 months 
A major c r ipp l ing  d i sease  i n  t h i s  country i s  a r t h r i t i s  which i s  a 
d i sease  of t he  j o i n t s .  I n  severe  ca ses ,  the  bone d e t e r i o r a t e s  t o  such a  
degree t h a t  j o i n t  replacement i s  necessary t o  a l l e v i a t e  pa in  and j o i n t  
s t i f f n e s s .  One common j o i n t  r equ i r ing  replacement i s  the  h ip .  
Hip j o i n t  replacement i s  accomplished by r ep lac ing  the  b a l l  and 
socket  of the bone wi th  a  b a l l  and socket  of some appropr i a t e  materia 1. 
Although the  b a l l  and socket  can be of d i f f e r e n t  m a t e r i a l s ,  they a r e  
u sua l ly  made of t he  same ma te r i a l .  The most commonly used ma te r i a l  i s  
Vi ta l l ium,  a  chrome-cobalt a l l o y ,  bu t  unfor tuna te ly  i t  has two 
disadvantages--excessive wear and f r i c t i o n .  Excessive wear causes a poor 
f i t  of b a l l  and socket  and excess ive  f r i c t i o n  promotes loosening of the 
p r o s t h e s i s  i n  the bone. Once the  p r o s t h e s i s  becomes loose,  pa in  and 
j o i n t  s t i f f n e s s  r e tu rn .  With e x i s t i n g  ma te r i a l s  t h i s  can occur wi th in  
one year ,  bu t  a  l i f e t i m e  of a t  l e a s t  t en  years  i s  des i r ed .  
New ma te r i a l s  f o r  h i p  j o i n t  p r o s t h e s i s  a r e  requi red  wi th  lower 
f r i c t i o n  and wear than the  p re sen t ly  used Vital l ium. The h i p  j o i n t  
ma te r i a l  must have low f r i c t i o n  and low wear a t  p ressures  of 500 p s i  
compression. I t  must be compatible wi th  the  body and be capable of being 
bonded t o  the  bone. The b a l l  and socket  can be of d i s s i m i l a r  ma te r i a l s  
i f  both ma te r i a l s  meet the  o the r  requirements.  
The team contacted M r .  Paul Fos t e r ,  Technology U t i l i z a t i o n  Of f i ce r  a t  
NASA's Lewis Research Center,  who i d e n t i f i e d  M r .  R .  A .  Johnson of Lewis 
Research Center a s  a  source of information on low f r i c t i o n  bearings.  M r .  
8 
Johnson had conducted s t u d i e s  on new m a t e r i a l s  f o r  low f r i c t i o n  bear ings  
i n  space app l i ca t ions .  One of s eve ra l  m a t e r i a l s  suggested by M r .  Johnson 
was Vespel,  a new polyimide r e s i n  produced by t h e  DuPont Company f o r  
aerospace app l i ca t ions .  This ma te r i a l  has  a c o e f f i c i e n t  of f r i c t i o n  t h a t  
i s  approximately 1 /3  t h a t  of Vi ta l l ium and a wear of about 1/200 t h a t  of 
V i t a l l i um under proper condi t ions .  It  appears  t o  be  a s i g n i f i c a n t  improve- 
ment over Vi ta l l ium i f  i t  i s  compatible wi th  the  body. 
D r .  McCollum was impressed wi th  the  p o t e n t i a l  of t h i s  m a t e r i a l  and i s  
p r e s e n t l y  conducting t e s t s  on the  b iocompa t ib i l i t y  of t h i s  m a t e r i a l .  
Manual search  and e x c e l l e n t  cooperat ion of NASA f i e l d  c e n t e r  s t a f f .  
Bene f i t s  t o  be Derived from Transfer  
A r t h r i t i s  i s  a major c r i p p l i n g  d i sease  which cannot be adequately 
cured with e x i s t i n g  p r o s t h e s i s .  As a r e s u l t  of t h i s  t r a n s f e r ,  the  
researcher  i s  s t a r t i n g  the  long s e r i e s  of t e s t s  necessary t o  v e r i f y  t h i s  
m a t e r i a l  a s  a replacement f o r  t he  p r e s e n t l y  unsu i t ab l e  p r o s t h e s i s .  I f  
t hese  t e s t s  a r e  succes s fu l ,  many people may be a b l e  t o  walk t h a t  otherwise 
would have been permanently c r ippled .  
UNC-38 
Electromyography a s  a n  Aid t o  Hand Rehab i l i t a t i on  
Miss I r ene  H o l l i s ,  Hand Rehab i l i t a t i on  Center 
Univers i ty  of North Carol ina Medica 1 School 
Team Member - M r .  Ernes t  Harr ison,  Jr. 
Prob lem Acquired - February 1968 
Transfer  Made - J u l y  1969 
Elapsed Time - 17 months 
The Hand Rehab i l i t a t i on  Center of t he  Univers i ty  of North Carolina 
Medical School i s  engaged i n  a program of occupat ional  and phys ica l  therapy 
t o  he lp  i n  r e s t o r i n g  t h e  func t ion  of t he  hand t o  people who have received 
i n j u r i e s  r e s u l t i n g  i n  i ncapac i t a t i on .  Therapy i s  a l s o  administered t o  
r ega in  func t ion  i n  hands where s u r g i c a l  c o r r e c t i v e  procedures have been 
9 
accomplished. 
One important aspec t  of therapy i s  t h e  f a c t  t h a t  i t  i s  d e s i r a b l e  
t o  exe rc i se  c e r t a i n  p a r t i c u l a r  muscles i n  s p e c i f i c  fash ions ,  i n  order  
t o  s t rengthen  o r  r ega in  func t ion  i n  these  muscles. Damaged muscles 
a r e  f r equen t ly  favored by br inging  i n t o  p lay  some o the r  combination 
of muscles t o  produce the motions prescr ibed  by the therapy. As a  
r e s u l t ,  a  method of determining i f  the  s p e c i f i c  muscle involved i s  
a c t u a l l y  being exercised i s  requi red .  
I n  the p a s t ,  t he  Hand Rehab i l i t a t i on  Center has used a simple e l e c t r o -  
myographic (EMG) device which p icks  up the  EMG s i g n a l  from the  s p e c i f i c  
muscle t h a t  i s  being exerc ised .  Electromyography i s  a  genera l  term which 
includes any procedure f o r  r e g i s t e r i n g  the  e l e c t r i c a l  a c t i v i t y  of muscle. 
A simple way t o  d e t e c t  t he  e l e c t r i c a l  a c t i v i t y  o r  a c t i o n  p o t e n t i a l s  of 
s k e l e t a l  muscle i s  t o  p lace  small  metal  d i s k s  ( sur face  e l e c t r o d e s )  on 
the  s k i n  over t h e  muscle. No e l e c t r i c a l  a c t i v i t y  occurs over  t he  r e s t i n g  
muscle. During voluntary  con t r ac t ion ,  t he re  occurs an i r r e g u l a r  o s c i l -  
l a t i o n  of 0.1-2 m i l l i v o l t s ,  o f t en  with a  frequency of about 50 he r t z .  
E l e c t r i c a l  a c t i v i t y  i s  an  i n d i c a t i o n  of vo luntary  o r  r e f l e x  con t r ac t ion  
of the  muscle. The e l e c t r i c a l  s i g n a l  magnitude i s  approximately propor t iona l  
t o  the  tens ion  produced by the muscle. Thus, the magnitude of the  s i g n a l  
can be used t o  judge how much nauromuscular a c t i v i t y  i s  being exerted by 
the  muscle being monitored. The device ,  which has been used by the Hand 
Rehab i l i t a t i on  Center was damaged beyond r e p a i r ,  and a  s u i t a b l e  commercial 
replacement could not  be  found. M i s s  H o l l i s ,  Di rec tor  of Occupational 
Therapy a t  the Hand Rehab i l i t a t i on  Center ,  located an  EMG t r a i n i n g  device 
which has been designed a t  t he  U.S. Army Medical Biornechanical Research 
Laboratory, Walter Reed Army Medical Center i n  Washington, D. C. The 
Biomedical Applicat ion Team was consul ted t o  determine the  p o s s i b i l i t y  of 
f a b r i c a t i n g  a  muscle t r a i n i n g  u n i t  according t o  the design produced a t  
the Walter Reed Army Medical Center. 
As a  r e s u l t  of NASA Biomedical Appl ica t ion  Team i n t e r a c t i o n  with the 
Univers i ty  of North Carolina Medical School, the  i n v e s t i g a t o r  wi th  an  
l o  
e l e c t r o n i c  equipment f a b r i c a t i o n  problem was placed i n  con tac t  wi th  a  
s u i t a b l e  f a b r i c a t i o n  source. 
The Ins t rumenta t ion  Sec t ion  of the  Engineering and Environmental 
Sciences Div is ion  of RTI was asked by t h e  Hand R e h a b i l i t a t i o n  Center t o  
fu rn i sh  a  quo ta t ion  on the cos t  t o  f a b r i c a t e  an  EMG muscle t r a i n e r  from 
the design developed a t  t he  Walter Reed Army Medical Center.  
This problem e s s e n t i a l l y  involved the  i d e n t i f i c a t i o n  of a s u i t a b l e  
supp l i e r  t o  f a b r i c a t e  t he  des i red  EMG muscle t r a i n e r .  A s  a r e s u l t  of 
NASA-supported Biomedical Applicat ion Team a c t i v i t i e s  a t  the  Univers i ty  
of North Carol ina Medical School, t h i s  problem came t o  the  a t t e n t i o n  
of one of the  team members who, i n  t u rn ,  pointed out  t o  t he  Hand 
Rehab i l i t a t i on  Center t h a t  a  f a b r i c a t i o n  c a p a b i l i t y  was a v a i l a b l e  a t  the  
Research Tr iangle  I n s t i t u t e .  
Benef i t s  t o  be  Derived from Transfer  
Conventional EMG machines cannot be r e a d i l y  used i n  t h i s  a p p l i c a t i o n  
because of t h e i r  l a rge  s i z e ,  a s  wel l  a s  t h e i r  high cos t .  The u n i t  
discussed h e r e i n  i s  small  enough t o  be used i n  the  c l i n i c  during therapy 
(which i s  the  primary need) and i s  a l s o  inexpensive enough t o  be used 
i n  normal c l i n i c a l  p r a c t i c e .  En use ,  the  EMG ampl i f i e r  i s  used a s  a  
t r a i n i n g  device  to  induce the  p a t i e n t  t o  use  a  s p e c i f i c  muscle during 
the  therapy process .  Use of t h e  EMG device provides a  d i r e c t  i n d i c a t i o n  
a s  t o  whether o r  no t  the  muscle i s  being used. This  device w i l l  be used t o  
provide t r a i n i n g  and therapy on 90 percent  of the  p a t i e n t s  which e n t e r  
the Hand R e h a b i l i t a t i o n  Center;  normally, t he  Center t r e a t s  30 to  40 
p a t i e n t s  per  month. 
UNC- 53 
Design Information Relating to Cardiotachometer Circuitry 
Mr. Stan Hutcheson, Memorial Hospital, University of North Carolina 
Team Member - Mr. Ernest Harrison, Jr. 
Problem Acquired - June 3, 1969 
Transfer Made - July 5, 1969 
Elapsed Time - 5 weeks 
Circuit design information and overall design parameters are needed 
in the design of a cardiotachometer. 
The researcher is designing a cardiotachometer for use on experimental 
animals. Commercial units are available, but they are limited to measurement 
of heart rates up to 250 beats per minute. Anesthetized rats, however, 
exhibit heart rates in excess of 350 beats per minute. The cardiotachometer 
will be used to monitor heart rate and changes in heart rate of experimental 
animals as a result of the administration of various stimuli and drugs. 
The researcher is seeking specific circuit design information, as well as 
overall system design considerations. The team has been requested to 
determine if NASA has designed, built, and tested circuitry which might 
be of use in the design of such an instrument. 
Because the cardiotachometer will be used on animals rather than 
humans, the equipment design must have the capabilities to measure the 
higher pulse rate encountered with experimental animals; i.e., a rate of 
600 pulses per minute will provide adequate margin. 
Documentation on the NASA-developed cardiac R-wave detector developed 
by Vernon D. Gebben of the Lewis Research Center, Cleveland, Ohio, was used 
by the researcher. Information on the overall system configuration and 
system parameters was used by the researcher for reference and guidance 
purposes in selecting basic parameters and system approaches to the design 
of the required cardiotachometer. 
The ca rd i ac  R-wave d e t e c t o r  was o r i g i n a l l y  brought t o  t he  a t t e n t i o n  
of the Biomedical Applicat ion Team by Tech Br ie f  68-10144. M r .  Paul Fos t e r ,  
Technology U t i l i z a t i o n  Of f i ce r  a t  the Lewis Research Center ,  provided 
de t a i l ed  information,  inc luding  schematic diagrams, about t h e  R-wave d e t e c t o r ,  
Benef i t s  t o  be Derived from Transfer  
The completed cardiotachometer w i l l  permit ob ta in ing  the  h e a r t  r a t e  of 
animals f o r  a number of s t u d i e s  involving r e a c t i o n  of t e s t  animals t o  
drugs and o t h e r  s t i m u l i .  
3.0 NEW PROBLEM§ 
3.1 In t roduct ion  
During the  preceding pe r iod ,  19 new problems have been accepted 
by the  team f o r  i nves t iga t ion .  Problem statements  f o r  t hese  19 new 
problems a r e  presented below. 
3 . 2  New Problem Descr ip t ions  
Problem Sta tement  
Prepared  f o r  DU-52 
June  1969 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
by 
Research T r i a n g l e  I n s t i t u t e  
"Bonding Agents f o r  Hip J o i n t  P r o s t h e s i s "  
An improved bonding method o r  m a t e r i a l  i s  r e q u i r e d  f o r  j o i n i n g  
bone t o  meta l  and p l a s t i c  m a t e r i a l s .  
Background 
A major c r i p p l i n g  d i s e a s e  i n  t h i s  c o u n t r y  i s  a r t h r i t i s  which i s  
a d i s e a s e  of t h e  j o i n t s .  I n  s e v e r e  c a s e s  t h e  bone d e t e r i o r a t e s  t o  
such a  degree  t h a t  j o i n t  replacement  i s  necessa ry  t o  a l l e v i a t e  p a i n  
and j o i n t  s t i f f n e s s .  One common j o i n t  r e q u i r i n g  replacement  i s  t h e  
h i p .  
Hip j o i n t  replacement  is  accomplished by r e p l a c i n g  t h e  b a l l  
and s o c k e t  of t h e  bone w i t h  a  b a l l  and s o c k e t  of some a p p r o p r i a t e  
m a t e r i a l .  The most commonly used m a t e r i a l  i s  V i t a l l i u m  which is  a  
chrome-cobalt  a l l o y ,  I n  o r d e r  t o  a d e q u a t e l y  bond t h e  meta l  t o  t h e  bone, 
some bonding a g e n t  i s  r e q u i r e d .  The m a t e r i a l  used as a  bonding a g e n t  
i s  commonly methy lmethacry la te  b u t  t h i s  m a t e r i a l  is  suspec ted  of 
c a u s i n g  tumors i n  some c a s e s .  For t h a t  r eason ,  on ly  t e s t s  on e x p e r i -  
menta l  animals  have been used t o  d a t e .  
A new bonding m a t e r i a l  i s  d e s i r e d  which p rov ides  adequate  bonds 
f o r  t h e  p r o s t h e s i s  and which i s  compat ible  w i t h  human t i s s u e .  
A m a t e r i a l  f o r ,  o r  method o f ,  bonding bone t o  meta l  o r  ceramics  
is  r e q u i r e d .  Th is  m a t e r i a l  must provide a  bond l i f e t i m e  of a t  l e a s t  
t e n  y e a r s  wi thou t  c a u s i n g  t i s s u e  r e a c t i o n .  P r e s s u r e  on t h e  bond i s  
e s t i m a t e d  t o  be 500 p s i  i n  s h e a r  and compression.  
Donald E. McCollum, M . D .  
Duke U n i v e r s i t y  Medical  Cen te r  
For  more in format ion  c o n t a c t  
F. Thomas Wooten, Ph.D. 
Research T r i a n g l e  I n s t i t u t e  
P .  0 .  Box 12194 
Research T r i a n g l e  P a r k ,  
North Caro l ina  27709 
S t a t u s  
A computer s e a r c h  of t h e  NASA l i t e r a t u r e ,  $/1749, "Biocompatible 
P l a s t i c s , "  has  been d e l i v e r e d  t o  t h e  r e s e a r c h e r .  
Problem Statement  
Prepared f o r  DU- 5 3 
June 1969 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
by 
Research T r i a n g l e  I n s t i t u t e  
"E l e c  t roencepha logram Telemetry" 
A h i g h  r e l i a b i l i t y  t e l e m e t r y  sys tem f o r  e lect roencephalograms i s  
r e q u i r e d .  
The e lec t roencepha logram (EEG) i s  a  method of  r e c o r d i n g  g r a p h i c a l l y  
t h e  e l e c t r i c a l  a c t i v i t y  o f  t h e  b r a i n  by means o f  e l e c t r o d e s  a t t a c h e d  t o  t h e  
s c a l p .  I t  is  used f o r  many a p p l i c a t i o n s  such a s  d i a g n o s i s  of e p i l e p s y ,  trauma, 
tumors,  and d e g e n e r a t i o n  of t h e  b r a i n .  The s i g n a l  c o n s i s t s  of o s c i l l a t i o n s  
from 1 h e r t z  t o  60 h e r t z  w i t h  a  v o l t a g e  range between 20 t o  200 m i c r o v o l t s .  
The r e s e a r c h e r  i s  s t u d y i n g  t h e  e f f e c t  of amphetamines on an imals  b o t h  
i n  a s l e e p i n g  and waking s t a t e .  The an imals  o f  i n t e r e s t ,  c a t s  and monkeys, 
a r e  s u f f i c i e n t l y  mobile s o  t h a t  w i r e s  a t t a c h e d  t o  t h e  animal from t h e  r e c o r d i n g  
d e v i c e  s i g n i f i c a n t l y  hamper t h e  a n i m a l ' s  a c t i v g t y .  An EEG t e l e m e t r y  system small  
enough t o  be mounted on t h e  exper imenta l  an imals  f o r  p e r i o d s  up t o  two weeks 
i s  r e q u i r e d .  
The h i g h  r e l i a b i l i t y  t r a n s m i t t e r  should b e  s m a l l  enough ( 2 0  grams) 
t o  be mounted on a  c a t  a s  w e l l  a s  a  monkey. The t r a n s m i t t e r  w i l l  be  mounted 
e x t e r n a l  t o  t h e  body s o  t h a t  b a t t e r i e s  can be changed d u r i n g  t h e  two-week 
o p e r a t i o n  p e r i o d .  Transmiss ion d i s t a n c e  w i l l  be  l e s s  than 50 f e e t .  
E .  H,  Ell inwood, M.D. 
Duke U n i v e r s i t y  Medical Center  
For more i n f o r m a t i o n  c o n t a c t  
F. Thomas Wooten, Ph.D. 
Research T r i a n g l e  I n s t i t u t e  
P. 0 .  Box 12194 
Research T r i a n g l e  Park,  
North Caro l ina  27709 
S t a t u s  
A computer search  of the NASA L i t e r a t u r e ,  111749, "Biocompatible 
P L ~ s t i c s , "  has been de l ivered  t o  the  r e sea rche r .  
Problem S ta tement  
P repared  f o r  DU-56 
June  1969 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
by 
Research T r i a n g l e  I n s t i t u t e  
"Mate r i a l  f o r  Hip J o i n t  P r o s t h e s i s "  
An improved bonding method of m a t e r i a l  i s  r e q u i r e d  f o r  j o i n i n g  
bone t o  m e t a l  and p l a s t i c  m a t e r i a l s .  
A major c r i p p l i n g  d i s e a s e  i n  t h i s  c o u n t r y  is  a r t h r i t i s  which i s  
a  d i s e a s e  of  t h e  j o i n t s .  I n  s e v e r e  c a s e s  t h e  bone d e t e r i o r a t e s  t o  
such a  degree  t h a t  j o i n t  replacement  is  n e c e s s a r y  t o  a l l e v i a t e  p a i n  
and j o i n t  s t i f f n e s s .  One common j o i n t  r e q u i r i n g  replacement  is  t h e  h i p .  
Hip j o i n t  replacement  o r  p r o s t h e s i s  is  accomplished by r e p l a c i n g  
t h e  b a l l  and s o c k e t  of t h e  bone w i t h  a  b a l l  and s o c k e t  of some a p p r o p r i a t e  
m a t e r i a l .  Although t h e  b a l l  and s o c k e t  can  be of d i f f e r e n t  m a t e r i a l s ,  
they  a r e  u s u a l l y  made of t h e  same m a t e r i a l .  The most commonly used 
m a t e r i a l  is  V i t a l l i u m  which i s  a  chrome-cobalt  a l l o y .  U n f o r t u n a t e l y ,  
V i t a  l l ium has  two d i sadvan tages - -excess ive  wear and f r i c t i o n .  The 
e x c e s s i v e  wear causes  a  poor f i t  of b a l l  and s o c k e t  and t h e  e x c e s s i v e  
f r i c t i o n  promotes loosen ing  of t h e  p r o s t h e s i s  i n  t h e  bone.  Once t h e  , 
p r o s t h e s i s  becomes l o o s e ,  p a i n  and j o i n t  s t i f f n e s s  r e t u r n .  With 
e x i s t i n g  m a t e r i a l s ,  t h i s  can  occur  w i t h i n  one y e a r  b u t  a  l i f e t i m e  of 
a t  l e a s t  t e n  y e a r s  i s  d e s i r e d .  
New m a t e r i a l s  f o r  h i p  j o i n t  p r o s t h e s i s  a r e  r e q u i r e d  w i t h  lower 
f r i c t i o n  and wear than  t h e  p r e s e n t l y  used V i t a l l i u m .  
The h i p  j o i n t  m a t e r i a l  must have low f r i c t i o n  and low wear a t  
p r e s s u r e s  of 500 p s i  compression.  It must be compat ib le  w i t h  t h e  body 
and be capab le  of be ing  bonded t o  t h e  bone. The b a l l  and s o c k e t  can 
be of d i s s i m i l a r  m a t e r i a l s  i f  bo th  m a t e r i a l s  meet t h e  o t h e r  r equ i rements .  
Donald E .  McCollum, M.D. 
Duke U n i v e r s i t y  Medical  Cen te r  
For more in fo rmat ion  c o n t a c t  
F. Thomas Wooten, Ph.D. 
Research T r i a n g l e  I n s t i t u t e ,  
P .  0 .  Box 12194 
Research T r i a n g l e  Park ,  
North Caro l ina  27709 
S t a t u s  
Th i s  problem i s  r e p o r t e d  a s  a  t r a n s f e r  i n  S e c t i o n  2  of t h i s  r e p o r t .  
Problem S ta tement  
P repared  f o r  DU-5 7 
J u l y  1969 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
by 
Research T r i a n g l e  I n s t i t u t e  
"Measurement Techniques f o r  I s e t h i o n i c  Acid" 
Problem D e s c r i p t i o n  
A t echn ique  is  r e q u i r e d  f o r  measur ing i s e t h i o n i c  a c i d  (hydroxyethyl  
s u l f o n i c  a c i d )  i n  animal  t i s s u e .  
Background 
I n  an  e f f o r t  t o  reduce h e a r t  d i s e a s e  i n  t h i s  c o u n t r y ,  c a r e f u l  s t u d y  
of t h e  physiology of h e a r t  muscle is  be ing  conducted.  The methods of 
s t u d y i n g  h e a r t  muscle v a r y  from c o n s i d e r i n g  t h e  h e a r t  a s  a  u n i t  t o  
c o n s i d e r i n g  i n d i v i d u a l  h e a r t  c e l l s .  The l a t t e r  c a s e ,  c e l l u l a r  physiology,  
r e v e a l s  much v a l u a b l e  i n f o r m a t i o n  a b o u t  t h e  response  of  h e a r t  muscle 
t o  v a r y i n g  s t i m u l i .  
Each c e l l  c o n s i s t s  of  a  n u c l e u s ,  which c o n t r o l s  t h e  c e l l u l a r  
a c t i v i t i e s  , surrounded by cytoplasm which c o n t a i n s  t h e  v a r i o u s  components 
n e c e s s a r y  f o r  t h e  t a s k s  t h e  c e l l s  perform. The c e l l  is bounded a t  i t s  
o u t e r  l i m i t s  by a  membrane through which m a t e r i a l s  e n t e r i n g  and l e a v i n g  
t h e  c e l l  must p a s s .  One of t h e  compounds which a f f e c t s  t h e  passage 
of m a t e r i a l s  through t h i s  membrane is  i s e t h i o n i c  a c i d .  By t h i s  p r o c e s s ,  
i s e t h i o n i c  a c i d  i s  b e l i e v e d  t o  r e g u l a t e  t h e  e x c i t a b i l i t y  of  c a r d i a c  
t i s s u e .  
I s e t h i o n i c  a c i d  a l s o  i s  b e l i e v e d  t o  e x i s t  i n  ne rve  c e l l s  of some 
a n i m a l s .  Because of  t h e  low c o n c e n t r a t i o n  o f  i s e t h i o n i c  a c i d  and t h e  
l a c k  of measurement t echn iques  f o r  t h i s  compound, t h e  e x a c t  r o l e  of t h e  
compound i n  b i o l o g i c a l  sys tems i s  n o t  w e l l  unders tood .  
Requirements and C o n s t r a i n t s  
- 
A n a l y t i c a l  t echn iques  f o r  measur ing i s e t h i o n i c  a c i d  c o n c e n t r a t i o n s  
i n  b i o l o g i c a l  sys tems a r e  r e q u i r e d .  The b i o l o g i c a l  m a t e r i a l  does  n o t  
have t o  be l i v i n g  s o  t h a t  p r o c e s s i n g  of t h e  m a t e r i a l  can occur .  The 
e x a c t  c o n c e n t r a t i o n  of i s e t h i o n i c  a c i d  i s  n o t  known b u t  i s  e s t i m a t e d  
t o  be q u i t e  low. 
Problem O r i g i n a t o r  
Rubin B r e s s l e r ,  M.D. 
Duke U n i v e r s i t y  Medical  Cen te r  
For  more i n f o r m a t i o n  c o n t a c t  
F .  Thomas Wooten, Pb.D. 
Research T r i a n g l e  I n s t i t u t e  
P .  0 .  Box 12194 
Research T r i a n g l e  Park ,  
North C a r o l i n a  27709 
S t a t u s  
A computer s e a r c h  of t h e  NASA d a t a  bank, 11766, "Measurement 
Technique f o r  I s e t h i o n i c  Ac id , "  h a s  been d e l i v e r e d  t o  t h e  r e s e a r c h e r .  
Problem S ta tement  
P repared  f o r  DU-58 
J u l y  1969 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
by 
Research T r i a n g l e  I n s t i t u t e  
"Urine Disposa 1 Sys tem" 
Problem D e w q t i o n  
A p o r t a b l e  sys tem i s  r e q u i r e d  f o r  human u r i n e  d i s p o s a l .  
Background 
The kidneys  produce a b o u t  1 . 5  l i t e r s  of u r i n e  p e r  day and c o n t i n u a l l y  
d i s c h a r g e  u r i n e  t o  t h e  b l a d d e r  f o r  s t o r a g e  and subsequen t  d i s c h a r g e .  
The b l a d d e r  can  s t o r e  up t o  500 m i l l i l i t e r s  a l t h o u g h  i t  i s  normal ly  
emptied a t  around 200 m i l l i l i t e r s .  Vic t ims  of c o n g e n i t a l  d e f e c t s ,  
neurogen ic  b l a d d e r  d i s e a s e s ,  s t r o k e s ,  and m u l t i p l e  s c l e r o s i s ,  a s  w e l l  
a s  war and au tomobi le  a c c i d e n t  c a s u a l t i e s ,  f r e q u e n t l y  e x p e r i e n c e  b l a d d e r  
and u r e t h r a l  m a l f u n c t i o n s .  These m a l f u n c t i o n s  d e s t r o y  t h e  a b i l i t y  
of t h e  b l a d d e r  t o  s t o r e  u r i n e .  
Convent ional  methods f o r  h a n d l i n g  t h i s  problem a r e  ve ry  c r u d e  and 
c o n s i s t  of c o l l e c t i n g  t h e  u r i n e  i n  a  bag f o r  l a t e r  d i s p o s a l .  The 
bags l e a k  and a r e  a  s o u r c e  of o d o r s .  A  b e t t e r  method of  d i s p o s i n g  
of  t h e  u r i n e  is  r e q u i r e d .  
Requirements and C o n s t r a i n t s  
A p o r t a b l e  sys tem o f  d i s p o s i n g  of  t h e  u r i n e  is r e q u i r e d .  S i n c e  
some t y p e s  of u r i n a r y  m a l f u n c t i o n s  a l l o w  p a r t i a l  u r i n e  s t o r a g e  i n  t h e  
b l a d d e r ,  t h e  d i s p o s a l  sys tem should  be c a p a b l e  of  h a n d l i n g  a n  average  
d a i l y  volume o f  1 . 5  l i t e r s .  The sys tem shou ld  be c a p a b l e  of d i s p o s i n g  
of t h e  w a t e r  i n  t h e  u r i n e  l e a v i n g  on ly  t h e  s o l i d  p a r t i c l e s ,  a l t h o u g h  
a  sys tem which s o l v e d  t h e  odor problem w i t h o u t  w a t e r  d i s p o s a l  would 
be of  i n t e r e s t .  
Problem O r i g i n a t o r  
Donald E ,  McCollum, M.D. 
Duke U n i v e r s i t y  Medical  Cen te r  
For  more in fo rmat ion  c o n t a c t  
F. Thomas Wooten, Ph.D. 
Research T r i a n g l e  I n s t i t u t e  
P. 0 .  Box 12194 
Research T r i a n g l e  P a r k ,  
North C a r o l i n a  27709 
S t a t u s  
A computer s e a r c h  of  the  NASA d a t a  bank is  b e i n g  performed. 
Problem S ta tement  
P repared  f o r  IRM- 10 
J u l y  1969 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
by 
Research T r i a n g l e  I n s t i t u t e  
"Methods of  Measuring Calciumtt  
The r e s e a r c h e r  i s  i n t e r e s t e d  i n  t h e  v a r i o u s  methods t h a t  have 
been developed t o  measure ca lc ium i n  body f l u i d s  and s o l i d s .  
The r e s e a r c h e r  i s  a  b iochemica l  pharmaco log i s t .  He i s  p a r t i c i -  
p a t i n g  i n  a  program which is  d i r e c t e d  t o  f i n d i n g  t h e  cause  of s p i n a l  
d e f e c t s  i n  humans. The s t u d y  w i l l  i n v o l v e  d e t e r m i n a t i o n  of ca lc ium and 
phosphate  metabolism, and one of  t h e  primary measurements which must 
be made is  t o  a s s a y  t h e  amount of  ca lc ium i n  body f l u i d s  and s o l i d s .  
The r e s e a r c h e r  is  aware of some of  t h e  methods of measur ing c a l c i u m  
i n c l u d i n g  a tomic  a b s o r p t i o n  and p o l a r o g r a p h i c  and c a l o r i m e t r i c  t e c h n i q u e s .  
I n f o r m a t i o n  on a l l  t h e  v a r i o u s  methods of measur ing  ca lc ium i n  body 
f l u i d s  and s o l i d s  t h a t  have been t e s t e d  and proven is  d e s i r e d .  
S u f f i c i e n t  i n f o r m a t i o n  on t h e s e  measurement t e c h n i q u e s  i s  d e s i r e d  t o  
p e r m i t  a n  e v a l u a t i o n  of t h e  t e c h n i q u e s .  With t h i s  i n f o r m a t i o n  t h e  
t echn ique  most a p p r o p r i a t e  f o r  use  i n  h i s  r e s e a r c h  program can  be 
s e l e c t e d .  
None. 
Dr. N .  E r i c  N a f t c h i  
I n s t i t u t e  of R e h a b i l i t a t i o n  Medicine 
New York, New York 
For f u r t h e r  i n f o r m a t i o n  c o n t a c t  
M r .  E r n e s t  H a r r i s o n ,  J r .  
Research T r i a n g l e  I n s t i t u t e  
P .  0 .  Box 12194 
Research T r i a n g l e  P a r k ,  
North C a r o l i n a  27709 
S t a t u s  
Computer s e a r c h  of NASA l i t e r a t u r e  h a s  been completed,  and s e a r c h  
has  been d e l i v e r e d  t o  t h e  r e s e a r c h e r .  
Problem S ta tement  
P repared  f o r  IRM- 14 
J u l y  1969 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
by 
Research T r i a n g l e  I n s t i t u t e  
"Motion-Force Ampl i f i e r "  
A mot ion-force  a m p l i f i e r  which w i l l  p e r m i t  r e s t o r a t i o n  of arm 
and hand f u n c t i o n  t o  pa ra lyzed  p a t i e n t s  i s  needed.  
A mot ion- fo rce  a m p l i f i e r  h a s  been des igned  f o r  use  w i t h  w h e e l c h a i r  
p a t i e n t s .  The u n i t  i s  a n  e l e c t r i c a l l y  d r i v e n  d e v i c e  c o n t r o l l e d  by a  
s m a l l  joy s t i c k .  I t  i s  assumed t h a t  t h e  p a t i e n t  i s  a b l e  t o  move one 
e x t r e m i t y  t o  a l l  p o i n t s  w i t h i n  a  3- inch r a d i u s  w i t h  minimal f o r c e .  By 
moving t h e  joy s t i c k  l e f t ,  r i g h t ,  and back and f o r t h ,  o r  i n  combinat ions  
t h e r e o f ,  i t  is  p o s s i b l e  t o  c o n t r o l ,  by means o f  a  c a b l i n g  and d r i v e  
sys tem,  a  mechanical  e x o s k e l e t o n  which i s  f i t t e d  t o  t h e  p a t i e n t ' s  
o t h e r  arm. Four d i s t i n c t  and s p e a r a t e  mot ions  c a n  be accomplished:  
(1)  t h e  e n t i r e  arm c a n  be r o t a t e d  a t  t h e  s h o u l d e r  j o i n t ,  (2)  t h e  elbow 
can be f l e x e d ,  ( 3 )  t h e  w r i s t  can  be r o t a t e d ,  and (4 )  t h e  hand c a n  be 
opened and c l o s e d  i n  a  manner t o  pe rmi t  o p p o s i t i o n  of t h e  thumb 
and f o r e f i n g e r .  The f o r c e  ob ta ined  w i t h  t h i s  u n i t  i s  a d e q u a t e ,  and 
t h e  range of mot ion i s  adequa te  i n  s e l e c t e d  d i r e c t i o n s .  
The p r e s e n t  u n i t  i s  a s i n g l e - s p e e d  sys tem and c a u s e s  t h e  o p e r a t o r  
s i g n i f i c a n t  d i f f i c u l t y .  The motions a r e  j e r k y ,  sometimes t o o  f a s t  f o r  
c e r t a i n  t a s k s ,  and sometimes t o o  slow f o r  o t h e r  t a s k s .  The p r e s e n t  
u n i t  is r e v e r s i b l e .  I f  a  g iven motor performing one of t h e  mot ions  of 
t h e  arm i s  e n e r g i z e d  i n  t h e  forward motor d i r e c t i o n  by d i s p l a c i n g  t h e  
c o n t r o l  s t i c k ,  r e v e r s a l  of  t h e  motor d i r e c t i o n ,  and hence r e v e r s a l  of 
t h e  d i r e c t i o n  of  mot ion of t h e  c o n t r o l l e d  arm, i s  accomplished by 
d i s p l a c i n g  the  c o n t r o l  s t i c k  t o  i t s  maximum e x c u r s i o n .  Th i s  d i sengages  
t h e  forward s w i t c h  and engages t h e  r e v e r s e  s w i t c h .  Obviously ,  t h i s  is  
a  d i f f i c u l t  c o n t r o l  sys tem t o  o p e r a t e  w i t h o u t  e r r o r .  
Another shor tcoming i s  t h a t  t h e  p o s i t i o n  of h i s  arm can  o n l y  be 
determined by t h e  o p e r a t o r  u s i n g  " v i s u a l  cue ing . "  I n  e s s e n c e ,  he  can  
de te rmine  t h e  p o s i t i o n  of h i s  arm on ly  by v i s u a l l y  obse rv ing  i t .  
The fo l lowing  improvements i n  t h e  mot ion-force  a m p l i f i e r  a r e  
d e s i r e d  : 
( I )  A s imple  p r o p o r t i o n a l  speed c o n t r o l  w i t h  which t h e  speed 
of movement of the  arm is  p r o p o r t i o n a l  t o  t h e  d i sp lacement  
of t h e  c o n t r o l  mechanism. 
(2)  A means of a c h i e v i n g  b i - d i r e c t i o n a l  a c t u a t i o n  of t h e  c o n t r o l  
motors  t h a t  i s  e a s i e r  t o  o p e r a t e  and l e s s  l i k e l y  t o  c a u s e  
o p e r a t o r  e r r o r .  
( 3 )  A method of p o s i t i o n  feedback t o  t h e  o p e r a t o r  s o  he can  
"sense" t h e  p o s i t i o n  of t h e  c o n t r o l l e d  a r m  w i t h o u t  c o n s t a n t  
v i s u a l  t r a c k i n g .  
M r .  N, Richard Lehneis  
I n s t i t u t e  of R e h a b i l i t a t i o n  Medicine 
New York, New York 
For  more i n f o r m a t i o n  c o n t a c t  
M r .  E r n e s t  H a r r i s o n ,  J r .  
Research T r i a n g l e  I n s t i t u t e  
P .  0 .  Box 12194 
Research T r i a n g l e  P a r k ,  
North C a r o l i n a  27709 
S t a t u s  
Problem i d e n t i f i c a t i o n  phase h a s  been completed.  
Problem Statement 
Prepared f o r  IRM- 15 
J u l y  1969 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
by 
Research Tr iangle  I n s t i t u t e  
"Effects  of Environmental Extremes on S k e l e t a l  Calcium" 
Problem Descr ip t ion  
The researcher  is  i n t e r e s t e d  i n  e f f e c t s  of environmental extremes 
on s k e l e t a l  calcium which may have been observed i n  NASA's exper i -  
mental programs. 
Background 
The researcher  is conducting bas i c  research  on spina b i f i d a e .  
Spina b i f i d a e  i s  a  congen i t a l  de fec t  i n  the c losu re  of the  s p i n a l  canal .  
I t s  causes a r e  not  known. Recent s u r g i c a l  procedures and hyperbaric  
oxygen therapy have prolonged the  l i f e  of p a t i e n t s ,  but  they s t i l l  
requi re  an  enormous amount of r e h a b i l i t a t i o n ,  t ime, and f a c i l i t i e s .  
D r .  Kamrin i s  seeking information on body calcium dis turbances ,  t h e i r  
causes and e f f e c t s ,  which might be co r r e l a t ed  wi th  s p i n a l  de fec t s  
such a s  spina b i f i d a e .  Body calcium dis turbances  t h a t  have been a t t r i b u t e d  
t o  weight lessness  have been reported i n  a s t r o n a u t s .  D r .  Kamrin has 
requested information on the e f f e c t s  of weight lessness  and o ther  
environmental extremes on s k e l e t a l  calcium. 
Problem Or ig ina tor  
D r .  Benjamin J .  Kamrin 
I n s t i t u t e  of R e h a b i l i t a t i o n  Medicine 
New York, New York 
For f u r t h e r  i n£  ormat ion  con tac t  
M r .  Ernest  Harr ison,  Jr. 
Research Tr iangle  I n s t i t u t e  
P. 0 .  Box 12194 
Research Tr iangle  Park, 
North Carol ina 27709 
S t a t u s  
Computer search  of NASA l i t e r a t u r e  has been conducted. Search has 
been de l ivered  t o  researcher ,  and documents have been ordered. The r e -  
searcher  has been out of t he  United S t a t e s  dur ing  the  summer. This 
problem w i l l  become a c t i v e  aga in  when the  researcher  is a v a i l a b l e .  
Problem Statement 
Prepared f o r  
IRM- 16 
Ju ly  1969 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
Research Tr iangle  I n s t i t u t e  
"A Means of Measuring Displacement" 
A small  t ransducer  t o  measure displacement of a  f i n g e r  i s  requi red .  
The r e sea rche r  needs a  t ransducer  which can be used to  i n d i c a t e  the  
displacement a s  a  func t ion  of time of  t h e  f i n g e r s  of myotonic people.  One 
c h a r a c t e r i s t i c  of myotonic people  i s  t h a t  they have a  weak hand g r i p  i n  
which the  muscle c o n t r a c t s  a t  a  normal speed, bu t  t he  g r i p  i s  not  e a s i l y  
re laxed .  That i s ,  t he  muscle r e l a x a t i o n  t akes  p l ace  over a  prolonged period 
of t ime,  so  t h a t  when a myotonic person grasps  an o b j e c t ,  i t  takes  him a 
r e l a t i v e l y  long time t o  r e l e a s e  the o b j e c t .  
P re sen t ly ,  t he se  people  a r e  observed a s  they grasp and r e l e a s e  an 
o b j e c t .  The observer  makes a  judgment of whether t he  r e l e a s e  i s  normal, 
slow, o r  very  slow. I t  is  des i r ed  t o  quan t i fy  t h e  time r a t e  of r e l a x a t i o n  
of t he  muscles involved.  To permit t h i s  q u a n t i f i c a t i o n ,  t h e  r e sea rche r  wishes 
t o  record t he  time r a t e  of movement of a  f i n g e r  i n  t h e  p lane  def ined by the  
motion of t h e  f i n g e r  i n  moving from a clenched f i s t  t o  a  f u l l y  extended 
p o s i t i o n .  This  information would be  used t o  s e t  up a  d i agnos t i c  t e s t  t o  
d e t e c t  rnybeonia i n  people.  
The f i n g e r  i s  d i sp laced  along a  curved p a t h  (from 6 t o  8 inches i n  
l eng th )  i n  t he  p lane  def ined by the  motion of t h e  f i n g e r  i n  moving from 
a clenched f i s t  t o  a  f u l l y  extended p o s i t i o n .  Measurement of t he  displacement 
t o  accu rac i e s  of 5 5 percenL would be  acceptab le .  The maximum time 
requi red  f o r  t he  f i n g e r  t o  p r e s c r i b e  t h i s  p a t h  i s  approximately one minute 
and the  minimum time i s  l e s s  than one-fourth second. I f  t h e  t ransducer  i s  
a t tached  t o  the  f i n g e r ,  t h e  fo rce  requi red  t o  move t h e  t ransducer  (counter  
fo rce  exerted on t h e  f i n g e r )  must be  l e s s  than one ounce. Noncontact 
sens ing  would be d e s i r a b l e .  However, because t h i s  is  a  c l i n i c a l  a p p l i c a t i o n ,  
s i m p l i c i t y  and economy a r e  prime requirements which w i l l  be used i n  eva lua t ion  
of var ious  approaches t o  the  s o l u t i o n  of t h i s  problem. 
D r .  Arthur Ebe r s t e in  
I n s t i t u t e  of R e h a b i l i t a t i o n  Medicine 
New York, New York 
For more informati  on con tac t  
M r .  Ernest  Harr ison,  Jr . 
Research Triangle  I n s t i t u t e  
P. 0 .  Box 12194 
Research Tr iangle  Park, 
North Carolina 27709 
S t a t u s  
A computer search of  t h e  NASA l i t e r a t u r e  has  been completed and 
de l ive red  t o  the  r e sea rche r  f o r  h i s  eva lua t ion .  
Problem S t a t e m e n t  
P repared  f o r  IRM- 17 
J u l y  1969 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
by 
Research T r i a n g l e  I n s t i t u t e  
"A Smal l ,  Simple Force  Transducer"  
The r e s e a r c h e r  d e s i r e s  a  s m a l l ,  s i m p l e  f o r c e  t r a n s d u c e r .  
Background 
The r e s e a r c h e r  needs a  t r a n s d u c e r  which c a n  be used t o  i n d i c a t e  
t h e  amount of f o r c e  t h a t  c a n  be e x e r t e d  by t h e  f i n g e r s  of myotonic 
pe r sons  when t h e  hand i s  c lenched  i n t o  a  f i s t .  Pe r sons  w i t h  myotonia 
( t o n i c  muscular  spasm) e x h i b i t  v e r y  slow muscle r e l a x a t i o n  r a t e s .  I n  
a d d i t i o n ,  t h e  f o r c e  w i t h  which t h e y  c a n  c l o s e  t h e  hand i s  d i m i n i s h e d .  
I n  o r d e r  t o  measure t h e  muscle impairment r e s u l t i n g  from myotonia ,  
t h e  r e s e a r c h e r  d e s i r e s  t o  measure t h e  maximum f o r c e  t h a t  can b e  a t t a i n e d  
by a  myotonic person d u r i n g  c l e n c h i n g  of  t h e  hand.  
The t r a n s d u c e r  should  be s m a l l  enough t o  measure t h e  f o r c e  e x e r t e d  
by i n d i v i d u a l  f i n g e r s  and shou ld  be s u f f i c i e n t l y  t h i n  s o  t h a t  i t  does  
n o t  i n t e r f e r e  w i t h  c l o s i n g  t h e  hand t o  form a  f i s t .  A %-inch by %-inch 
u n i t  w i t h  a  t h i c k n e s s  of 1 /16 inch  would be a c c e p t a b l e .  Accuracy shou ld  
be w i t h i n  0.5 ounce, and t h e  measurement range should  be from 0 . 5  ounce 
t o  5 pounds. 
D r .  A r t h u r  Ebers  t e i n  
I n s t i t u t e  of R e h a b i l i t a t i o n  Medicine 
New York, New York 
F o r  more i n £  ormat i o n  c o n t a c t  
M r .  E r n e s t  H a r r i s o n ,  J r .  
Research T r i a n g l e  I n s t i t u t e  
P .  0 .  Box 12194 
Research T r i a n g l e  P a r k ,  
North C a r o l i n a  27709 
S t a t u s  
Problem i d e n t i f i c a t i o n  phase has  been completed.  
Problem Statement 
Prepared f o r  
IRM- 2 0 
August 1969 
NATIONAL AERONAUTICS AND SPACE ADMTNISTRATION 
Research Tr i ang le  I n s t i t u t e  
"Prevention of Orthos t a  t i c  Hypotension" 
Problem Desc r ip t i on  
A G- o r  p r e s su re  s u i t  i s  requested t o  determine i f  i t s  use  w i l l  permit 
a p a t i e n t  s u f f e r i n g  from o r t h o s t a t i c  hypotension t o  s tand  e r e c t  without  l o s s  
o f  consciousness .  
Background 
Researchers a t  Goldwater Memorial Hospi ta l  of New York Univers i ty  
Medical Center have encountered a p a t i e n t  s u f f e r i n g  from o r t h o s t a t i c  hypo- 
tens ion .  The underlying cause i s  suspected t o  be neu ra l  damage. Complicating 
t h i s  cond i t i on  i s  t h e  f a c t  t h a t  t h e  p a t i e n t  has  prev ious ly  sus ta ined  a h i p  
i n j u r y  which r e su l t ed  i n  the  l e f t  h i p  being fused i n  extension.  With the  
h i p  fused ,  t h e  p a t i e n t  could on ly  s tand  o r  l i e  down. The occurrence of  
o r t h o s t a t i c  hypotension now prevents  t he  p a t i e n t  from s tanding;  consequent ly ,  
t h e  only p o s i t i o n  t he  p a t i e n t  can assume i s  a r e c l i n i n g  one. A l l  a t t empts  
t o  b r ing  the  p a t i e n t  t o  an e r e c t  p o s i t i o n  us ing  a t i l t  t a b l e ,  e l a s t i c  bandages, 
and abdominal b inders  have been unsuccess fu l .  P r i o r  t o  t h i s  ope ra t i on ,  
t h e  p a t i e n t  was a b l e  t o  walk wi th  forearm cru tches .  She has  t h e  power i n  a l l  
e x t r e m i t i e s  t o  maintain h e r s e l f  i n  the e r e c t  p o s i t i o n  i f  she could maintain 
h e r  blood p re s su re .  Although t h i s  problem concerns only one s p e c i f i c  p a t i e n t ,  
t he re  a r e ,  no doubt ,  numerous o t h e r  people who could b e n e f i t  from a technique 
t h a t  would permit  people w i th  o r t h o s t a t i c  hypotension t o  s tand e r e c t .  
Requirements and Cons t ra in t s  
The r e sea rche r s  f e e l  t h a t  a p r e s su re  s u i t  f o r  t he  wa i s t  down (one t h a t  
e s s e n t i a l l y  f i t s  t he  l egs )  i n  which the  degree of counter  p r e s su re  can be 
con t ro l l ed  may be more e f f e c t i v e  i n  combatting the  p a t i e n t ' s  d i f f i c u l t y  than 
t h e  measures a l r eady  employed. The r e sea rche r s  a r e  i n t e r e s t e d  i n  t he  ava i l a -  
b i l i t y  of a p r e s su re  s u i t  t h a t  could be used i n  t h i s  a p p l i c a t i o n .  This reques t  
has  been made of  the  Biomedical Applicat ion Team because of the  widespread work 
of NASA i n  development of G-su i t s  and p re s su re  s u i t s  f o r  t h e  aerospace program. 
The dimensions of the  p a t i e n t  a r e :  
wa i s t  
h i p s  
r i g h t  lower ex t remi ty  ( h i p  j n i n t  t o  s o l e  
of  f o o t )  
l e f t  lower ex t remi ty  
r i g h t  t h igh  (maximum) 
l e f t  t h igh  (maximum) 
r i g h t  ankle  
l e f t  ankle  
shoe s i z e  
D r .  August Alba 
D r .  F r i e d a  S.  T r a i n o r  
Goldwater Memorial H o s p i t a l  
New York U n i v e r s i t y  Medical  Cen te r  
For  f u r t h e r  i n £  ormat ion c o n t a c t  
M r .  E r n e s t  H a r r i s o n ,  J r .  
Research T r i a n g l e  I n s t i t u t e  
P .O.  Box 12194 
Research T r i a n g l e  P a r k ,  
Nor th  C a r o l i n a  27709 
S t a t u s  
M r .  John Samos, Technology U t i l i z a t i o n  O f f i c e r  a t  Langley Research 
C e n t e r ,  h a s  o b t a i n e d  a  G - s u i t  on a l o a n  b a s i s  t o  permit  t h e  r e s e a r c h e r  
t o  e v a l u a t e  t h e  e f f e c t i v e n e s s  o f  t h e  s u i t  i n  t h i s  a p p l i c a t i o n .  The s u i t  
h a s  been d e l i v e r e d  t o  t h e  r e s e a r c h e r  f o r  t e s t s .  
Problem Statement  
Prepared f o r  
I R M -  2  1 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
by 
Research T r i a n g l e  I n s t i t u t e  
"An Improved S p l i n t i n g  and Cast  i!b t e r i a ? "  
A l i g h t w e i g h t ,  h i g h - s t r e n g t h ,  e a s i l y  f a b r i c a t e d  s p l i n t i n g  and c a s t  
m a t e r i a l  i s  d e s i r e d .  
Large numbers of p a t i e n t s  a t  t h e  I n s t i t u t e  of R e h a b i l i t a t i o n  Medicine 
r e q u i r e  c a s t s ,  c u s t o m - f i t t e d  s p l i n t s ,  and o r t h o t i c  d e v i c e s ,  Much of  t h e  f i t t i n g  
r e q u i r e s  shap ing  t o  complex c o n t o u r s .  Perhaps t h e  most wide ly  used and most 
s u c c e s s f u l  m a t e r i a l  i s  p l a s t e r  of p a r i s .  I t  i s  q u i t e  time-consuming t o  con- 
s t r u c t  t h e s e  i t e m s  from p l a s t e r .  The f i n i s h e d  i t e m s  a r e  r e l a t i v e l y  heavy 
and d i f f i c u l t  t o  keep c l e a n .  Also,  t h e  m a t e r i a l s  a r e  n o t  reusable.. On 
t h e  p o s i t i v e  s i d e ,  p l a s t e r  of p a r i s  i s  i n e x p e n s i v e ,  and i t s  s t r e n g t h  and 
r e s i s t a n c e  t o  t h e  mechanical  shock and t h e  t empera tu res  normal ly  encountered 
a r e  g e n e r a l l y  adequate .  A l i g h t w e i g h t ,  i n e x p e n s i v e  c a s t i n g  m a t e r i a l  which 
can be e a s i l y  f a b r i c a t e d  i n t o  i n t r i c a t e  shapes  i s  d e s i r e d ,  Var ious  p l a s t i c  
m a t e r i a l s  have been marketed a s  c a s t  and s p l i n t  m a t e r i a l s ,  b u t  none t e s t e d  
t o  d a t e  have a l l  t h e  d e s i r e d  p r o p e r t i e s .  Most a r e  expens ive ,  d i f f i c u l t  t o  
form, and unab le  t o  wi ths tand  normal ly  encountered d i r e c t  s u n l i g h t  and h e a t .  
When made i n t o  a  c a s t  o r  s p l i n t ,  t h e  m a t e r i a l  must have s u f f i c i e n t  
s t r e n g t h  gnd shock r e s i s t a n c e  t o  p r o p e r l y  s u p p o r t  t h e  p a t i e n t  and t o  wi ths tand  
t h e  impact f o r c e s  t h a t  might normally be encounte red .  I t  should be a b l e  t o  
wi ths tand  d i r e c t  s u n l i g h t ,  b o i l i n g  w a t e r ,  and household chemicals .  
M r .  H. Richard Lehneis  
I n s t i t u t e  of R e h a b i l i t a t i o n  Medicine 
New York, New York 
For  f u t h e r  i n f o r m a t i o n  c o n t a c t  
M r .  E r n e s t  H a r r i s o n ,  Jr. 
Research T r i a n g l e  I n s t i t u t e  
F. 0 .  Box 12194 
Research T r i a n g l e  Park,  
North Caro l ina  27709 
S t a t u s  
Problem i d e n t i f i c a t i o n  phase  has  been completed.  
Problem S ta tement  
P repared  f o r  IRM-22 
August 196 9  
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
Research T r i a n g l e  I n s t i t u t e  
"A Means of Track ing  Eye Movements While Viewing P r i n t e d  M a t t e r ,  
Geometric Forms, and P i c t u r e s  ." 
A means of d e t e r m i n i n g  c o n t i n u o u s l y  t h e  movements of bo th  eyes  
of hemip leg ic  ( s t r o k e )  p a t i e n t s  i s  d e s i r e d .  T h i s  e s s e n t i a l l y  would 
c o n s i s t  of  t r a c k i n g  t h e  eye  movements w i t h  t ime a s  t h e  p a t i e n t  views 
t h e  d e s i r e d  s u b j e c t  m a t t e r .  
Background 
V i s u a l  scann ing  d i f f i c u l t i e s  i n  one s i d e  of  t h e  v i s u a l  f i e l d  
a r e  o f t e n  encountered i n  t h e  hemip leg ic  p a t i e n t .  (These scann ing  
d i f f i c u l t i e s  i n t e r f e r e  i n  t h e  p r o c e s s i n g  of v i s u a l  i n f o r m a t i o n .  They 
p r e v e n t  t h e  hemip leg ic  from s i n g l i n g  o u t  p e r t i n e n t  cues  t h a t  a r e  
involved i n  v i s u a l - p e r c e p t i o n  t a s k s . )  Some tend  t o  ignore  v i s u a l  
s t i m u l i  l o c a t e d  on t h e i r  impaired s i d e ;  o t h e r s  r e n d e r  f a l s e  in fo rmat ion  
on t h e  impaired s i d e  and,  as a  r e s u l t ,  s p o i l  t h e  i n f o r m a t i o n  on t h e i r  
i n t a c t  s i d e ;  w h i l e  s t i l l  o t h e r s  compensate by t u r n i n g  t h e i r  heads .  
These d i f f i c u l t i e s  a f f e c t  h i s  c o g n i t i v e  f u n c t i o n i n g  and have conse-  
quences f o r  a c t i v i t i e s  i n  h i s  d a i l y  l i f e ,  such a s  r e a d i n g ,  d r e s s i n g ,  
and m a n i p u l a t i o n  of  h i s  w h e e l c h a i r .  There is a l s o  a  r e l a t i o n s h i p  
between scann ing  d i f f i c u l t i e s  and a c c i d e n t s  i n  t h e  hemiplegic  popu- 
l a t i o n .  
It i s  d e s i r e d  t o  e x p l o r e  t h e  movements of t h e  eye  w h i l e  t h e  
p a t i e n t  i s  v iewing p r i n t e d  m a t t e r ,  geometr ic  forms,  and p i c t u r e s .  
Th i s  i n £  ormat i o n  w i l l  pe rmi t  comparison of hemip leg ic  p a t i e n t s  w i t h  
normals and h o p e f u l l y  w i l l  pe rmi t  c h a r a c t e r i z a t i o n  of  hemip leg ic  
eye  movements. The a p p a r a t u s  o r  measur ing t echn ique  should  pe rmi t  
c o l l e c t i o n  of t h e  f o l l o w i n g  i n f o r m a t i o n  when t h e  p a t i e n t  i s  r e a d i n g  
a  newspaper o r  look ing  a t  a p i c t u r e .  
1. I s  scann ing  i n i t i a t e d  on t h e  l e f t  o r  r i g h t  s i d e ?  
2 .  I s  the  upper o r  lower h a l f  p r e f e r r e d ?  
3 .  Does t h e  eye perform h o r i z o n t a l  o r  v e r t i c a l  e x c u r s i o n s  
w i t h  g r e a t e r  f requency? 
4. I s  t h e  e x c u r s i o n  d i s t a n c e  g r e a t e r  i n  t h e  h o r i z o n t a l  o r  
v e r t i c a l  p l a n e ?  
5 .  I s  t h e  number of f i x a t i o n s  g r e a t e r  on t h e  l e f t  o r  r i g h t  
s i d e ?  
An a p p a r a t u s  t h a t  w i l l  p rov ide  a  g r a p h i c  p i c t u r e  of t h e  h e m i p l e g i c ' s  
eye movements a s  a  f u n c t i o n  of t ime  w i l l  a i d  i n  a n a l y z i n g  t h e  s p e c i f i c  
v i s u a l - p e r c e p t u a l  d i f f i c u l t i e s  of each p a t i e n t .  It w i l l  a l s o  a s s i s t  
i n  d e v i s i n g  a p p r o p r i a t e  i n d i v i d u a l  programs of  r e t r a i n i n g ,  s u i t a b l e  
f o r  each hemip leg ic '  s need.  
Problem O r i g i n a t o r  
D r .  Leonard D i l l e r  
I n s t i t u t e  of  R e h a b i l i t a t i o n  Medicine 
New York U n i v e r s i t y  Medical  Cen te r  
For  f u r t h e r  i n f o r m a t i o n  c o n t a c t  
M r .  E r n e s t  H a r r i s o n ,  Jr . 
Research Eng ineer  
P .  0 .  Box 12194 
Research T r i a n g l e  P a r k  
North C a r o l i n a  27709 
S t a t u s  
An oculometer  u n i t  developed a t  NASA E l e c t r o n i c s  Research Cen te r  
h a s  been i d e n t i f i e d  a s  a  p o t e n t i a l  s o l u t i o n  t o  t h i s  problem. D e t a i l e d  
performance c h a r a c t e r i s t i c s  p l u s  equipment a v a i l a b i l i t y  and c o s t  in fo rmat ion  
h a s  been reques ted  i n  o r d e r  t o  pe rmi t  e v a l u a t i o n  of t h e  a p p l i c a b i l i t y  
of t h e  u n i t  t o  t h e  problem requ i rements .  
Problem Statement  
Prepared f o r  
RTI /NcI- 1 
August 1969 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
by 
Research T r i a n g l e  I n s t i t u t e  
"Noise Reduction i n  Laminar Flow Rooms " 
Noise abatement methods and low n o i s e  f a n s  a r e  r e q u i r e d  f o r  laminar 
f low rooms used f o r  p a t i e n t  i s o l a t i o n .  
The N a t i o n a l  Cancer I n s t i t u t e  i s  conduct ing a  v igorous  program t o  f i n d  
t h e  causes  and c u r e  f o r  c a n c e r ,  a  major c a u s e  of d e a t h  i n  t h i s  coun t ry ,  
One of t h e  approaches used i s  chemotherapy, o r  t h e  u s e  of drugs  t o  cause  
remiss ion  of e x i s t i n g  c a n c e r s .  P a t i e n t s  r e q u i r i n g  t h i s  t r ea tment  a r e  u s u a l l y  
weak and more s u s c e p t i b l e  t o  o t h e r  d i s e a s e s  than  normal p a t i e n t s .  A s t e r i l e  
environment w i l l  h e l p  t o  combat t h i s  problem a s  w e l l  a s  i n c r e a s i n g  t h e  p a t i e n t  
t o l e r a n c e  t o  an t i tumor  d rugs  w i t h  regard  t o  i n c i d e n c e  of i n f e c t i o n .  A 
s t e r i l e  environment can be produced by a  laminar f low room which i s  equipped 
w i t h  s t e r i l i z i n g  a g e n t s  i n  t h e  f i l t e r  system. 
The e x i s t i n g  laminar f low rooms have been designed t o  be  i n s t a l l e d  i n s i d e  
s t andprd  h o s p i t a l  rooms; t h i s  a l lows  maximum f l e x i b i l i t y  i n  t h e  use  o f  t h e s e  
rooms. Th is  d e s i g n ,  however, r e q u i r e s  t h a t  t h e  blower f a n s  be i n s i d e  t h e  
p a t i e n P s  room, which c r e a t e s  a  n o i s e  problem. A h e a t i n g  and a i r  c o n d i t i o n i n g  
c o n s u l t i n g  e n g i n e e r i n g  f i r m  h a s  added conven t iona l  n o i s e  abatement procedures  
such  a s  foam padding i n  d u c t s ,  a  d i s c h a r g e  m u f f l e r ,  and v i b r a t i o n  i s o l a t o r s  
on t h e  motors .  However, even w i t h  t h e s e  a d d i t i o n s ,  t h e  e x i s t i n g  n o i s e  
l e v e l  must be reduced. 
Noise abatement procedures  a r e  d e s i r e d  which w i l l  reduce t h e  n o i s e  
l e v e l  from t h e  e x i s t i n g  Noise C r i t e r i o n  50 t o  n e a r  Noise C r i t e r i o n  30, 
Noise C r i t e r i o n  30 i s  d e f i n e d  a s  approximately  50  db a t  100 Hz and 26 db 
a t  10,000 Hz. The a i r  v e l o c i t y  o u t p u t  v a r i e s  between 30 and 90 f t l m i n .  
A c e n t r i f u g a l  f a n  i s  used.  
Wil l iam Z .  Penland 
Na t i o n a  1 Cancer I n s t i t u t e  
For  f u r t h e r  i n f o r m a t i o n  c o n t a c t  
F. Thomas Wooten, Ph.D. 
Research T r i a n g l e  I n s t i t u t e  
P.O. Box 12194 
Research T r i a n g l e  P a r k ,  
Nor th  C a r o l i n a  27709 
S t a t u s  
A computer s e a r c h ,  #1811, "Noise Reduct ion of Fans ,  " of  t h e  ae rospace  
d a t a  bank has  been d e l i v e r e d  t o  t h e  r e s e a r c h e r .  
Problem Statement 
Prepared f o r  
W- 1 
June 1369 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
by 
Research Tr i ang le  I n s t i t u t e  
"Improved Ma te r i a l  f o r  Percutaneous Tubes f o r  Blood Dia lys i s "  
Problem Descr ip t ion  
An improved m a t e r i a l  i s  requi red  f o r  percutaneous tubes f o r  blood 
d i e  l y s i s .  
Background 
The kidneys a r e  organs t h a t  remove impur i t i e s  from the  blood. The 
e n t i r e  human blood supply i s  f i l t e r e d  through the  kidneys about 20 times each 
day. I t  i s  es t imated  t h a t  about 50,000 Americans d i e  from kidney d i s e a s e  
each year.  I f  s e r i o u s  kidney d i s e a s e  occurs ,  a r t i f i c i a l  removal of blood 
impur i t i e s  ( d i a l y s i s )  i s  required u s ing  t h e  a r t i f i c i a l  kidney through which 
the  blood supply must be c i r c u l a t e d .  
A p a t i e n t  r equ i r ing  d i a l y s i s  must be connected t o  the  a r t i f i c i a l  kidney 
twice a week. To f a c i l i t a t e  t h i s  f requent  connect ion,  small  tubes (cannulas)  
a r e  connected t o  both a ve in  and an a r t e r y  of the  arm. These tubes a r e  con- 
nected by a shunt  which al lows blood t o  flow when the p a t i e n t  i s  no t  connected 
t o  the a r t i f i c i a l  kidney. The shunt  i s  removed when the  p a t i e n t  i s  a t tached  
t o  the a r t i f i c i a l  kidney. 
A problem a r i s e s  when a tube i n t e r s e c t s  t h e  s k i n  (percutaneous tube) .  
This  break i n  t he  s k i n  i s  o f t e n  t h e  s i t e  of  i n f e c t i o n s  because of an improper 
s e a l  between tube and sk in .  The tube i s  normally cons t ruc ted  of s i l a s t i c  
bu t  an improved m a t e r i a l  i s  requi red  which w i l l  prevent  t h i s  i n f e c t i o n .  
The tube m a t e r i a l  should be  compatible wi th  body t i s s u e  and must allow 
adequate s e a l i n g  of t he  sk in .  The m a t e r i a l  a l s o  must no t  cause c l o t t i n g  of blood. 
H. E a r l  Ginn, M. D.  
Vanderbi l t  Univers i ty  School of  Medicine 
For more information con tac t  
F. Thomas Wooten, Ph.B. 
Research Tr iangle  I n s t i t u t e  
P .  0 .  Box 12194 
Research Tr iangle  Bark, 
North Carol ina 27709 
S t a t u s  
D r .  Ginn has  been apprised of t h e  work of M r .  J i m  Benson of  North 
American-Rockwell Corporation and Biocarbon Corporat ion regard ing  v i t r e o u s  
carbon. D r .  Ginn expressed an i n t e r e s t  i n  ob t a in ing  s e v e r a l  tubes  f o r  
blood compa t ib i l i t y  s t u d i e s  i n  dogs. Mr. Benson has  agreed t o  f a b r i c a t e  
t h e  des i r ed  samples. 
Problem Statement 
Prepared f o r  WF-69 
June 1969 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
by 
Research Triangle I n s t i t u t e  
"Correlation Techniques" 
Problem Descript ion 
Information is desired on the  app l i ca t ion  of c o r r e l a t i o n  techniques 
t o  the da ta  s i g n a l s  commonly encountered i n  cardiovascular  research.  
Background 
The researcher has a general  i n t e r e s t  i n  the  computer processing 
and enhancement of cardiovascular  da ta .  A recent  a r t i c l e  i n  the open 
l i t e r a t u r e  has indicated t h a t ~ c o r r e l a t i o n  techniques can be applied t o  
da ta  obtained from a two-point ve loc i ty  probe i n  a f l u i d  stream s o  a s  
t o  y ie ld  information on turbulence and d i f fus ion  i n  the flowing stream. 
Af ter  reading of these techniques the  researcher f e e l s  t h a t  they have 
po ten t i a l  value i n  a number of biomedical appl ica t ions  d i r e c t l y  concerned 
with h i s  research program i n  cardiovascular  physiology. For example, i n  
determining cardiac  output by indica tor  d i l u t i o n  methods, it is important 
t h a t  the flow p r o f i l e  be laminar (not turbulent ) .  A means of de tec t ing  
the onset of turbulent  flow would be of value i n  t h i s  appl ica t ion .  
A number of o ther  p o t e n t i a l  appl ica t ions  can e a s i l y  be l i s t e d .  The 
researcher wishes t o  iden t i fy  means of applying these techniques i n  the  
f i e l d  of cardiovascular  physiology . 
Problem Originator  
D r .  G. L. Malindzak, Jr. 
Bowman Gray School of Medicine 
Wake Forest  Universi ty 
For more in£  orma t i o n  contac t  
M r .  Ernest  Harrison, Jr. 
Research Triangle I n s t i t u t e  
P. 0 .  Box 12194 
Research Triangle Park, 
North Carolina 27709 
S ta tus  
M r .  James Richards, NASA TU Division, has iden t i f i ed  a researcher 
a t  NASA George C .  Marshall Space F l igh t  Center who is in teres ted  i n  
applying c o r r e l a t i o n  techniques t o  the  biomedical f i e l d .  Methods a r e  
being explored t o  br ing  about a useful  in te rac t ion  between D r .  Malindzak 
and the researcher a t  Marshall Space F l igh t  Center. 
Problem S ta tement  
P repared  f o r  WF- 70 
June 1969 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
by 
Research T r i a n g l e  I n s t i t u t e  
"Underwater Telemetry" 
A means of t e l e m e t e r i n g  EEG, h e a r t  r a t e ,  r e s p i r a t i o n , a n d  t empera tu re  
from free-swimming p o r p o i s e s  i n  l a r g e  t a n k s .  
The p o r p o i s e  h a s  a  remarkable  phys io logy ,  p a r t i c u l a r l y  a s  r e l a t e d  
t o  h i s  a b i l i t y  t o  make deep d i v e s  i n  t h e  ocean and r a p i d l y  r e t u r n  t o  
t h e  s u r f a c e .  The a d a p t a t i o n  of t h e  p o r p o i s e ' s  physiology t o  accomplish  
t h i s  f e a t  i s  of  g r e a t  i n t e r e s t .  The a u d i t o r y  physiology of t h e  porpo i se  
i s  ve ry  h i g h l y  developed.  The c h e m i s t r y  of s l e e p  i n  t h e  p o r p o i s e  and 
how i t  r e l a t e s  t o  h i s  physiology d u r i n g  deep d i v i n g  is  a l s o  of  i n t e r e s t .  
The r e s e a r c h e r  is  conduc t ing  a  r e s e a r c h  p r o j e c t  t o  o b t a i n  i n f o r m a t i o n  
on t h e  f r e e - r a n g i n g  p o r p o i s e  t h a t  w i l l  p e r m i t  a  b e t t e r  unders tand ing  of  
t h e  unusual  physiology of t h e  p o r p o i s e .  S p e c i f i c a l l y ,  he  would l i k e  t o  
ins t rument  free-swimming an imals  i n  a 40- foo t  t a n k  s o  t h a t  t h e  fo l lowing  
d a t a  c a n  be r e c e i v e d  and recorded .  I n  o r d e r  of importance ,  they  a r e :  
(1)  EEG, (2) h e a r t  r a t e ,  (3 )  r e s p i r a t i o n  r a t e ,  and (4) t empera tu re .  
A t e l e m e t r y  u n i t  which can t r a n s m i t  a l l  f o u r  s i g n a l s  is  d e s i r e d .  
It would be most d e s i r a b l e  i f  t h e  t e l e m e t r y  t r a n s m i t t e r  s i g n a l  from 
t h e  p o r p o i s e  c o u l d  be r e c e i v e d  d i r e c t l y  o u t s i d e  t h e  t a n k .  The 
r e s e a r c h e r  is  aware of underwater systems ( u s i n g  s o n i c  t e c h n i q u e s ) ,  
b u t  he  a l s o  d e s i r e s  in fo rmat ion  on t e l e m e t r y  t e c h n i q u e s  a s  w e l l .  
The l e a s t  d e s i r a b l e  approach would be t o  a t t a c h  a  l i n e  and a n  a i r b o r n e  
b a l l o o n  t o  t h e  p o r p o i s e  w i t h  t h e  t r a n s m i t t i n g  an tenna  thus  be ing  k e p t  
above t h e  w a t e r ' s  s u r f a c e .  Th i s  approach would be  a c c e p t a b l e  only  i f  
s i g n i f i c a n t  r e d u c t i o n s  i n  equipment complexi ty  and c o s t  could  be 
gained the reby .  
The p o r p o i s e  i s  a  l a r g e  animal  and can  be equipped w i t h  a  h a r n e s s  
t o  which equipment c a n  be  secured .  Consequent ly ,  t h e  s i z e  and weight  
requirements  a r e  n o t  a t  a l l  s e v e r e .  The u n i t  must ,  of  c o u r s e ,  be 
capab le  of o p e r a t i o n  i n  s e a  w a t e r .  
Problem O r i g i n a t o r  
D r .  James G.  McCormick 
Bowman Gray School  of  Medicine 
Wake F o r e s t  U n i v e r s i t y  
For more i n f o r m a t i o n  c o n t a c t  
M r .  E r n e s t  H a r r i s o n ,  J r .  
Research T r i a n g l e  I n s t i t u t e  
P.  0 .  Box 12194 
Research T r i a n g l e  P a r k ,  
North C a r o l i n a  27709 
S t a t u s  
Computer s e a r c h  of t h e  NASA l i t e r a t u r e  "underwater Te lemet ry , "  
B ib l iography  #M3P h a s  been d e l i v e r e d  t o  t h e  r e s e a r c h e r .  He has  
reviewed t h e  s e a r c h  and s e l e c t e d  documents. The documents have been 
d e l i v e r e d  f o r  h i s  e v a l u a t i o n .  
Problem Statement 
Prepared f o r  
WF- 7 2  
August 1969 
NATIONAL AERONAUTICS A N D  SPACE ADMlNISTRATION 
Research Tr iangle  I n s t i t u t e  
"Automatic Control  System f o r  a  T i l t  Bed" 
Information i s  des i r ed  on automatic c o n t r o l  c i r c u i t r y  which has  
been developed t o  change t h e  p o s i t i o n  of a  t i l t  bed o r  t i l t  t a b l e  i n  
response t o  t he  v a r i a t i o n  of a  phys io log i ca l  parameter.  
The r e sea rche r  i s  i n t e r e s t e d  i n  applying a  t i l t  bed t o  the  
c o n t r o l  of blood p re s su re  i n  p a t i e n t s  i n  h o s p i t a l s .  The t i l t  bed 
would vary i t s  e l e v a t i o n  angle  wi th  r e spec t  t o  t he  h o r i z o n t a l  i n  
response t o  blood p re s su re  v a r i a t i o n s  i n  t h e  p a t i e n t .  Blood p re s su re  
i s  sensed every 10 minutes by an automatic blood p re s su re  measuring 
instrument  employing an i n f l a t a b l e  f i n g e r  c u f f .  When t h e  p a t i e n t ' s  
blood pressure  i s  normal (-120 1nm Hg) wi th  the bed h o r i z o n t a l ,  i t  
would remain ho r i zon ta l .  I f  t he  p re s su re  increased by C20 mm Hg, 
t h e  c o n t r o l  system would be required t o  energ ize  t he  bed so  a s  t o  
r a i s e  t he  head of t he  bed 15' i n  e l e v a t i o n ,  Af t e r  a  10-minute wa i t ,  
t h e  blood p re s su re  instrument  would s a q  l e  t h e  blood p re s su re  again.  
I f  the  p re s su re  were then wi th in  $. l 9 m  Hg of normal, t he  bed 
0 
would remain i n  the  15 r a i s ed  p o s i t i o n .  I f  t h e  p re s su re  i s  s t i l l  
140 mm o r  g r e a t e r ,  t he  bed would be r a i s ed  another  15'. This would 
cont inue u n t i l  e i t h e r  t he  blood p re s su re  r e t u r n s  t o  normal o r  t h e  
maximum e l e v a t i o n  angle  of the  bed i s  reached, This maximum e l eva t ion  
angle  i s  45'. A t  any of t he se  p o s i t i o n s  (oO,  15O, 30°, 45') t he  c o n t r o l  
system should lower t h e  bed 15O i f  t h e  blood p re s su re  drops 20 mm Hg 
l e s s  than normal (120 m Kg). The mximum depress ion  i n  e l eva t ion  
angle  of the  bed i s  -15'. 
Operating i n  t h i s  manner, t h e  c o n t r o l  c i r c u i t r y  would a c t  t o  
p l ace  t he  p a t i e n t  i n  t h e  proper p o s i t i o n  t o  c o r r e c t  f o r  dev i a t i ons  
i n  blood p re s su re  of 2 20 mm Hg from normal. 
The output  of t h e  blood pressure  measuring u n i t  i s  a  vo l t age  
vary ing  from zero  t o  one v o l t .  One mi l l imeter  of Hg p re s su re  
corresponds t o  approximately 3  m i l l i v o l t s  ou tput .  Thus, normal 
blood pressure  would approximately correspond t o  a  vo l t age  output  of 
360 m i l l i v o l t s .  When a  blood p re s su re  reading i s  taken and the  
vo l t age  has r i s e n  t o  420 m i l l i v o l t s  (140 m Kg p r e s s u r e ) , t h e  con t ro l  
c i r c u i t y  should apply 115 v o l t s  AC t o  theo"raiser '  windings of t he  
t i l t  bed motor u n t i l  t h e  bed i s  r a i s ed  15 . I f ,  when a  blood 
p re s su re  reading i s  taken,  the  vo l t age  has f a l l e n  t o  300 m i l l i v o l t s  
(100 mrn Hg),the c o n t r o l  c i r c u i t y  should apply 115 v o l t s  A C  t o  the  
"lower" windings of the  t i l t  bed motor u n t i l  t he  bed i s  lowered 15', 
An i n t e r l o c k  system i s  requi red  t o  prevent  t he  bed from exceeding 
-15 o r  $45' i n  t i l t  angle .  
The researcher  i s  seeking an e x i s t i n g  des ign .  Engineer ing,  
redes ign ,  o r  s i g n i f i c a n t  modi f ica t ion  of e x i s t i n g  technology i s  not  
d e s i r e d .  Because of t he  ex t ens ive  work by NASA wi th  t i l t  t a b l e s ,  i t  
was f e l t  t h a t  t h e r e  was a  reasonable  p r o b a b i l i t y  t h a t  NASA had de- 
signed a  c o n t r o l  c i r c u i t  t o  vary  t i l t  t a b l e  e l e v a t i o n  angle  i n  re -  
sponse t o  a  phys io logica l  v a r i a b l e  a s  requi red  i n  t h i s  problem. 
D r .  James F. Toole 
Bowman Gray School of Medicine 
For more information contac t  
Ernes t  Harr ison,  Jr, 
Research Tr iangle  I n s t i t u t e  
P. 0 .  Box 12194 
Research Tr iangle  Park, 
North Carolina 27709 
S t a t u s  
A computer search  of t h e  aerospace l i t e r a t u r e  " T i l t  Tables ,"  $/1795, 
was forwarded t o  the  researcher  f o r  eva lua t ion .  
Problem Statement 
Prepared f o r  WF- 75 
August 1969 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
Research Tr iangle  I n s t i t u t e  
I 1  Measurement of  I n t r a c e l l u l a r  Pressure"  
A p r e s su re  t ransducer  small  enough t o  measure p re s su re  w i th in  
i n d i v i d u a l  c e l l s .  
The r e sea rche r ,  a c e l l  phys io log i s t ,  wishes t o  o b t a i n  a p re s su re  
t ransducer  small  enough t o  measure p re s su re  i n  i nd iv idua l  c e l l s .  
P re sen t ly ,  a g l a s s  tubing (cannula)  drawn t o  an extremely smal l  bore 
a t  the  t i p  i s  i n s e r t e d  i n t o  t he  c e l l .  A smal l ,  s o l i d  s t a t e  p re s su re  
t ransducer  i s  a t tached  t o  t he  o t h e r  end of t h e  g l a s s  tube. Water i s  
used a s  t he  coupl ing medium t o  permit  measurement of i n t e r n a l  p r e s su re  
e x t e r i o r  t o  the  c e l l .  The mass of t h e  coupl ing medium i n  t he  cannula 
reduces the  frequency response t o  approximately 200 h e r t z .  I n  o rde r  
t o  measure t h e  h igh  frequency p re s su re  t r a n s i e n t s  t h a t  a r e  thought t o  
occur i n  c e l l s ,  the  r e sea rche r  wishes t o  ob t a in  a frequency response of 
5-10 k i l o h e r t z .  E l imina t ion  of t he  cannula and d i r e c t  i n s e r t i o n  of a 
p r e s s u r e  t ransducer  i n t o  t h e  c e l l  i s  one method of a t t a i n i n g  a h igher  
frequency response. 
The c e l l s  i n  which t h e  r e sea rche r  d e s i r e s  t o  measure p re s su re  
have a maximum diameter of 150 microns. A means of measuring p re s su re  
w i th in  such c e l l s  i s  des i r ed  which does no t  a t t e n u a t e  the high 
frequency v a r i a t i o n s .  
The measurement technique must have a frequency response of 
a t  l e a s t  5 k i l o h e r t z .  The maximum p re s su re  t o  be measured i s  10 
cen t imeters  of water.  
D r .  Edward Lieberman 
Bowman Gray School of Medicine 
For more information con tac t  
Ernes t  Harr ison,  Jr. 
Research Tr iangle  I n s t i t u t e  
P. 0 .  Box 12x94 
Research Tr iangle  Park, 
North Carolina 27709 
S t a t u s  
Problem i d e n t i f i c a t i o n  complete. 
4.0  PROBLEM STATUS SUMMARY 
Problems which a r e  being inves t iga t ed  by the  RTI Biomedical Applicat ion 
Team a r e  gene ra l ly  c l a s s i f i e d  a s  a c t i v e  o r  c losed.  Act ive problems a r e  
f u r t h e r  subdivided according t o  the  progress  o r  phase of the i n v e s t i g a t i o n .  
Problems a r e  gene ra l ly  closed when e i t h e r  a  technology t r a n s f e r  i s  
accomplished o r  i t  i s  judged t h a t  f u r t h e r  i n v e s t i g a t i o n  i s  not  l i k e l y  t o  
produce u s e f u l  r e s u l t s  i n  a  reasonable time. Closed problems a r e  coded 
according t o  s p e c i f i c  reasons f o r  such a c t i o n .  This  s e c t i o n  conta ins  a  
summary and a n a l y s i s  of problems which were a c t i v e  a t  the  end of t h i s  
r epo r t ing  per iod  and problems which were closed during the  r epo r t ing  per iod .  
4 . 1  Active Prob lems 
4 . 1 . 1  Active Problem Categories  
The term "act ive" means t h a t  the  problem i s  s t i l l  under 
cons idera t ion  and t h a t  s o l u t i o n s  a r e  being sought e i t h e r  on a  r egu la r  
review o r  a  cont inuing i n v e s t i g a t i v e  b a s i s .  It i s  i m p l i c i t  i n  the  following 
d i scuss ion  t h a t  the problems a r e  considered t o  have a  s u f f i c i e n t l y  high 
p r o b a b i l i t y  of so lu t ion  a s  t o  warrant  f u r t h e r  a c t i v i t i e s .  
I n  the  Active Problem Summary, Table 1, a c t i v e  problems a r e  divided 
i n t o  the  fol lowing s i x  s t a t u s  ca t egor i e s :  
A .  Prob lem Def in i t i on  
Problem d e f i n i t i o n  includes the i d e n t i f i c a t i o n  of 
s p e c i f i c  technology-related problems through d i s -  
cussions with biomedical i n v e s t i g a t o r s  and t h e  
p repa ra t ion  of func t iona l  d i s c r i p t i o n s  of problems 
using nondisc ip l inary  terminology. 
B. Information searching 
Information r e l evan t  t o  a  s o l u t i o n  i s  being sought 
by computer and/or manual information searching.  
C .  Problem Abstract  Dissemination 
An information search  has  revealed no p o t e n t i a l  
s o l u t i o n s ,  and a  problem a b s t r a c t  i s  being c i r c u l a t e d  
t o  i nd iv idua l  s c i e n t i s t s  and engineers  a t  NASA cen te r s  
and con t r ac to r  f a c i l i t i e s  t o  s o l i c i t  suggest ions.  
D.  Evaluat ion 
P o t e n t i a l l y  u s e f u l  information o r  technology has 
been i d e n t i f i e d  and i s  being evaluated by the  
team and/or t h e  problem o r i g i n a t o r .  
E . P o t e n t i a l  Transfer  
Information o r  technology has been evaluated and 
found t o  be  of p o t e n t i a l  va lue  but  has  not been 
appl ied .  
F.  Follow-up A c t i v i t y  
A technology t r a n s f e r  has  been accomplished, but  
f u r t h e r  a c t i v i t y  ( i . e , ,  documentation, ob ta in ing  
experimental v a l i d a t i o n  of u t i l i t y  , continuing 
modi f ica t ion ,  e t c . )  i s  required.  
4 .1 .2  Active Problem Summary Data 
The s t a t u s  of a l l  a c t i v e  problems i s  presented i n  Table 1. 
The information included i n  t h i s  tabLe g ives  problem number and t i t l e ,  
d a t e  accepted,  and a s t a t u s  code f o r  the  s i x  ca t egor i e s  defined i n  the  


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































4 . 1 . 3  Active Problem Analysis  
The s t a t u s  of p re sen t ly  a c t i v e  problems a r e  f u r t h e r  summarized i n  
Table 2 a s  t o  t he  number of a c t i v e  problems i n  each category a s  we l l  a s  
the  percentages of t h e  t o t a l  number i n  each category.  These numbers 
a r e  compared wi th  the  equiva len t  f i g u r e s  f o r  t he  end of the immediately 
preceding qua r t e r .  Note t h a t  f o r  t he  end of t h i s  q u a r t e r  the  t o t a l  
number of t he  var ious  ca t egor i e s  i s  93, while  the a c t u a l  number of 
a c t i v e  problems i s  92. This  i s  because problem number WF-56 reasonably 
f i t s  i n t o  two ca t egor i e s .  
The comparison of t he  f i g u r e s  f o r  t h e  end of both q u a r t e r s  shows 
L i t t l e  change i n  the r e l a t i v e  percentages of each category al though 
the  t o t a l  number of problems has increased from 80 t o  92. The major 
p o r t i o n  of the  problems cont inue t o  be i n  the information searching  
s t a g e  which r e f l e c t s  t he  f a c t  t h a t  t he  team devotes  a cons iderable  
p a r t  of i t s  e f f o r t  i n  the  summer months t o  information searching  and t o  
eva lua t ion  of search r e s u l t s  a s  opposed t o  a c t i v i t i e s  which r e q u i r e  c lo se  
con tac t  with the  researchers .  Many of t h e  r e sea rche r s  a r e  away during 
the  summer months and t h e  team must schedule i t s  a c t i v i t i e s  t o  r e f l e c t  t h i s  
f a c t .  
Table 2 
Active Problem Summary Data 
Category 
A. De f in i t i on  
B. Search 
C.  Abs t rac t  
D. Evaluat ion 
E. P o t e n t i a l  Transfer  
F. Follow-up 
To ta l  80 100.0 93 100.0 
4 . 2  Closed Problems 
4 . 2 . 1  C r i t e r i a  f o r  C l o s i n g  Problems 
A p e r i o d i c  review i s  conducted of  a l l  problems i n  o r d e r  
t o  e l i m i n a t e  t h o s e  problems which a r e  no l o n g e r  c o n s i d e r e d  t o  be a c t i v e .  
Problems a r e  c l o s e d  when a  technology t r a n s f e r  has  been accomplished 
and a l s o  when i t  is judged t h a t  a  s o l u t i o n  c a n n o t  be found and /o r  a p p l i e d  
i n  a  r e a s o n a b l e  t ime.  
Reasons f o e  c l o s i n g  t h e  problems a r e  d i v i d e d  i n t o  t h e  f o l l o w i n g  
c a t e g o r i e s  : 
A --- T r a n s f e r  accomplished.  
B --- Researcher  h a s  no f u r t h e r  i n t e r e s t  i n  t h e  problem. 
c --- Researcher  h a s  found h i s  own s o l u t i o n .  
D --- A s  a  r e s u l t  of pe r sonne l  t r a n s f e r  i n  t h e  m e d i c a l  i n s t i t u t i o n s ,  
t h e  problem has  e i t h e r  been c l o s e d  o r  t r a n s f e r r e d  t o  a n o t h e r  
i n s t i t u t i o n  a l o n g  w i t h  t h e  i n v e s t i g a t o r  and h a s  been g iven  a  
new number. 
E --- No p r e s e n t  o r  f o r s e e a b l e  f u t u r e  NASA technology a p p l i c a b l e .  
H --- S a t i s f a c t o r y  s o l u t i o n  i d e n t i f i e d  by team and v e r i f i e d  by 
r e s e a r c h e r  b u t  t r a n s f e r  canno t  be completed by r e s e a r c h e r  
f o r  r easons  of  economy o r  l a c k  of r e s o u r c e s .  
I --- P r o b 1 e m . a ~  o r i g i n a l l y  s t a t e d  was t o o  broad o r  g e n e r a l .  
J --- Problem i s  t o o  d i f f i c u l t ;  i . e . ,  t h e  problem a s  g i v e n  t o  t h e  
R T I  Biomedical  A p p l i c a t i o n  Team i s  p r e s e n t l y  t h e  focus  o f  
l a r g e  e x p e n d i t u r e s  of money, r e s e a r c h ,  and development 
e f f o r t  making t h e  l i k e l i h o o d  of  s u c c e s s  by t h e  Biomedical  
A p p l i c a t i o n  Team low. 
K --- Problem p r i o r i t y  t o o  low. F a c t o r s  involved a r e  c o s t / b e n e f i t  
r a t i o ,  team r e s o u r c e s  a v a i l a b l e ,  r e s e a r c h e r ' s  r e s o u r c e s ,  
and enthusiasm.  
These c a t e g o r i e s  were evolved a s  a  r e s u l t  of i n t e r a c t i o n  between a l l  
t h r e e  Biomedical  A p p l i c a t i o n  Teams and members of t h e  B i o l o g i c a l  S c i e n c e s  
Communication P r o j e c t  a t  George Washington U n i v e r s i t y .  
4 . 2 . 2  Summary of  Closed Problems 
Table  3 l i s t s  t h o s e  problems which were c l o s e d  d u r i n g  t h e  
r e p o r t i n g  pe r iod  of 15 June 1969 t o  14 September 1969. 
Tab le  3 
Problems Closed During 15 June  t o  14 September 1969 
Problem No. T i t l e  Category 
DU-36 C e r v i c a l  Cancer D i a g n o s i s .  B 
DU-40 D i f f e r e n t i a l  P r e s s u r e  Transducer  f o r  C a r d i a c  C a t h e t e r  A 
DU-41 E l e c t r o d e  Ves t  f o r  EKG Measurement A 
DU-49 Electromyography of t h e  U r e t e r  E 
DU-52 Binding Agents f o r  Hip J o i n t  P r o s t h e s i s  D 
DU-57 Measurement Techniques f o r  I s e t h i o n i c  Acid E 
IRM-3 An Improved S p i r a l  Brace C 
5.0 OTHER ACTIVITIES OF THE BIOMEDICAL APPLICATION TEAM 
5 . 1  Profess iona l  Meetings Attended 
The I n t e r n a t i o n a l  Conference on Medical and Bio logica l  Engineering 
and the Annual Conference on Engineering i n  Medicine and Biology i s  a  j o i n t  
conference of major s ign i f i cance  and was held on J u l y  20-25, 1969, i n  
Chicago. The team was represented by D r .  F. T. Wooten, who repor ted  the  
gene ra l  conclusions drawn from the meeting t o  the  NASA Technology Divis ion  
and the  o the r  teams. One of the  conclusions was t h a t  a d d i t i o n a l  team e f f o r t s  
should be devoted t o  t he  f i e l d  of surgery because of the needs and i n t e r e s t  
i n  engineering i n  t h a t  a r e a .  A second conclusion was t h a t  the  a r ea  of 
p a t i e n t  monitoring was of g r e a t  i n t e r e s t  t o  a l l  a t tendees  which ind ica ted  
a n  a d d i t i o n a l  a r e a  f o r  team concentrat ion.  
5.2 Applicat ion Engineering Ac t iv i ty  
The r e a l  b e n e f i t s  of t r a n s f e r r i n g  aerospace technology i n t o  the 
f i e l d  of medicine w i l l  not  be r ea l i zed  un le s s  the information and technology 
i d e n t i f i e d  i n  t h i s  t r a n s f e r  program a r e  a c t u a l l y  used and appl ied  i n  
research  and medical p r a c t i c e .  This a p p l i c a t i o n  i n  many cases  r equ i r e s  
s i g n i f i c a n t  a p p l i c a t i o n s  engineering and, f r equen t ly ,  the c r e a t i o n  of new 
commercial products .  A t  the  present  time t h e  app l i ca t ions  engineering 
requi red  i n  applying technology i d e n t i f i e d  by the  Biomedical Applicat ion 
Teams must be funded by the  problem o r i g i n a t o r  through h i s  own research  
g ran t s  and con t r ac t s .  The a p p l i c a t i o n  team encourages the  i n i t i a t i o n  of 
app l i ca t ions  engineering when required and a s s i s t s  t he  researcher  i n  
obta in ing  the  necessary engineering se rv i ces .  
I n  t he  s o l u t i o n  of a c t i v e  problems, a p p l i c a t i o n  engineering has been 
involved and i n  some cases  i s  reported i n  the  t r a n s f e r  summaries. Because 
these  a c t i v i t i e s  cover such a  broad range, each e f f o r t  i s  reported sepa ra t e ly  
i n  t he  following: 
( I )  I n  problem BU-41, "Electrode Vest f o r  EKG Measurements," t h e  
team discovered a  requirement f o r  an  i n f l a t a b l e  v e s t  which would in su re  
good contac t  between a  l a rge  number of EKG e lec t rodes  and the  human ches t .  
The team i d e n t i f i e d  a n  i n d u s t r i a l  source,  Payne and Associates  of 
Raleigh, N. C., which b u i l t  a prototype of the  v e s t  f o r  t he  researcher .  
This company i s  a  NASA con t r ac to r  which manufactures l i f e  v e s t s  f o r  the 
aerospace indus t ry .  The pro to type  v e s t  was j o i n t l y  designed by the  
r e sea rche r ,  t he  manufacturer,  and the  Biomedical Appl ica t ion  Team. 
( 2 )  I n  problem UNC-53, "Design Information Re la t ing  t o  Cardiotachometer 
C i r c u i t r y , "  a requirement f o r  design information on c i r c u i t r y  appropr ia te  
f o r  use i n  a s p e c i a l  cardiotachometer u n i t  was i d e n t i f i e d .  Information on 
the  NASA-developed ca rd i ac  R-wave d e t e c t o r  developed by M r .  Vernon D. 
Gebben of t h e  Lewis Research Center was considered r e l e v a n t  t o  the  problem 
and was furn ished  t o  the i n v e s t i g a t o r .  Information on the  o v e r a l l  system 
conf igura t ion  and system parameters was used by the  r e sea rche r  f o r  
re ference  and guidance purposes i n  s e l e c t i n g  b a s i c  parameters and system 
approaches t o  t he  design of the required cardiotachometer .  The engineering 
e f f o r t  requi red  t o  t r a n s  l a t e  t hese  system parameters i n t o  the  f  i na  1 design 
conf igura t ion  was accomplished by the  r e sea rche r  i n  h i s  laboratory.  
( 3 )  As repor ted  i n  Sec t ion  2 of t h i s  r e p o r t ,  t he  team has  i d e n t i f i e d  a 
need f o r  an implantable  ma te r i a l  i n  problem number W-1,  "Improved Mater ia l  
f o r  Percutaneous Tubes f o r  Blood Dia lys i s . "  The team i d e n t i f i e d  carbon a s  
a poss ib l e  s o l u t i o n  t o  t h i s  problem and contacted M r .  J i m  Benson of North 
American-Rockwell Corporation a s  a source of the  m a t e r i a l .  M r .  Benson and 
the  physician,  D r .  H. E a r l  Ginn, j o i n t l y  designed a blood v e s s e l  implant 
f o r  t e s t i n g .  M r .  Benson i s  a t  p re sen t  f a b r i c a t i n g  t h i s  m a t e r i a l .  
5.3 V i s i t s  t o  NASA Centers 
The va luab le  i n t e r f a c e  between medical research  and aerospace research  
i s  improved by continued team i n t e r a c t i o n s  wi th  the  NASA f i e l d  cen te r s .  
Although numerous telephone con tac t s  a r e  made, t he  a c t u a l  v i s i t  t o  the  
NASA f i e l d  c e n t e r s  provides the b e s t  i n t e r a c t i o n  poss ib l e .  This  s e c t i o n  
r e p o r t s  v i s i t s  t o  the  f i e l d  cen te r s .  
D r .  R. M. Burger, D r .  J .  N. Brown, and D r .  F. T. Wooten at tended the  
Biomedical Appl ica t ion  Team meeting a t  Lewis Research Center on August 6-7, 
1969. Discussions were held wi th  s t a f f  members a t  Lewis regarding problem 
number DU-46, "Electrode Mater ia l s  f o r  Pacemakers" and s e v e r a l  u se fu l  
suggest ions were received.  D r .  Wooten a l s o  contacted Mr. R. A. Johnson i n  
regard t o  problem DU-56, which i s  reported a s  a t r a n s f e r  i n  t h i s  r epo r t .  
On August 18, 1969, D r .  J. N. Brown and D r .  F. T. Wooten joined 
M r .  J i m  Richards of NASA Headquarters a t  Langley Research Center f o r  a v i s i t  
coordinated by M r .  John Samos, Technology U t i l i z a t i o n  Of f i ce r .  A genera l  
d i scuss ion  wi th  about t e n  members of the  Langley research  s t a f f  was 
followed by ind iv idua l  d i scuss ions  regarding s p e c i f i c  research  p r o j e c t s .  
5.4 New User I n s t i t u t i o n s  
Improvement i n  the q u a l i t y  of problems t h a t  the  team accepts  can be 
accomplished i f  the  base of problems i s  expanded. This  expansion can be 
done by c a r e f u l l y  expanding the  number of u s e r  i n s t i t u t i o n s .  The most 
r ecen t  u s e r  i n s t i t u t i o n  i s  the  National Cancer I n s t i t u t e ,  Bethesda, 
Maryland. I n i t i a l  d i scuss ions  have been held wi th  o f f i c i a l s  of the  
Chemotherapy Sec t ion  and problem d e f i n i t i o n  has begun. N C I  o f f i c i a l s  have 
requested t h a t  t he  team d i scuss  about 20 problems i n i t i a l l y  and t h a t ,  from 
t h i s  l i s t ,  a p r i o r i t y  l i s t  of problems be derived j o i n t l y  by the  team and 
N C I .  This new approach t o  problem s e l e c t i o n  should s i g n i f i c a n t l y  enhance 
the  q u a l i t y  of problems se l ec t ed  a t  t h i s  new i n s t i t u t i o n .  
The team has  a l s o  made explora tory  con tac t s  a t  Tulane Univers i ty ,  
New Orleans, Louisiana,  and the  Univers i ty  of V i rg in i a ,  C h a r l o t t e s v i l l e ,  
Vi rg in ia .  Both schools appear t o  meet t h e  necessary requirements f o r  
p a r t i c i p a t i o n  i n  the  Biomedical Applicat ion Team program and personnel  
from both schools  have expressed i n t e r e s t  i n  t he  program. 
6 . 0  CONCLUSIONS =GARDING THE TRANSFER PROCESS 
The r o l e  of t h e  consu l t an t  i s  a  cont inuing mat te r  of i n t e r e s t  t o  the 
Biomedical Appl ica t ion  Team and the importance of the consu l t an t  was 
underscored i n  a  previous report*.  I n  t h a t  r e p o r t ,  i t  was documented t h a t  
the  percentage success  i n  accomplishing t r a n s f e r s  was s i g n i f i c a n t l y  higher  
a t  Wake Fores t  Univers i ty  and Duke Univers i ty  where consu l t an t s  were 
maintained than a t  the Univers i ty  of North Carol ina where a  consul tan t  
has not  been a v a i l a b l e  t o  the team on a  cont inuing b a s i s .  The q u a l i t i e s  
which have been considered u s e f u l  i n  t h e  s e l e c t i o n  of a  consul tan t  a r e  a s  
fol lows:  
( 1 )  He must b e  e n t h u s i a s t i c  about the Biomedical Applicat ion 
Team program. 
( 2 )  He must be cognizant  of t he  o v e r a l l  research  a c t i v i t i e s  
of the  i n s t i t u t i o n .  
( 3 )  H i s  t e chn ica l  and research  a b i l i t y  must be recognized and 
respected wi th in  the  i n s t i t u t i o n .  
( 4 )  A m u l t i d i s c i p l i n a r y  background wi th  some exposure t o  
e l e c t r o n i c s ,  ins t rumenta t ion ,  o r  computers i s  d e s i r a b l e .  
(5)  It i s  d e s i r a b l e  t h a t  he be a c t i v e l y  involved i n  research  
p r o j e c t s  h imsel f .  
( 6 )  He must be a b l e  t o  communicate wi th  people.  
Fu r the r  thought and ana lys i s  has revealed t h a t  while  a l l  these  c h a r a c t e r i s t i c s  
would indeed be d e s i r a b l e ,  these  c r i t e r i a  a r e  d i f f i c u l t  t o  apply i n  the 
s e l e c t i o n  of a  good consul tan t .  
Having a l ready  e s t ab l i shed  t h a t  consu l t an t s  a r e  an  extremely use fu l  and 
necessary p a r t  of t he  program, i t  i s  important t h a t  c r i t e r i a  be developed 
t o  a i d  i n  the  s e l e c t i o n  of a  good consul tan t .  It i s  i n  t h i s  a r e a ,  i . e . ,  
u se fu lnes s  a s  s e l e c t i o n  c r i t e r i a ,  t h a t  t h e  c h a r a c t e r i s t i c s  discussed i n  t he  
f i n a l  r e p o r t  f a l l  s h o r t .  A common circumstance concerning u s e f u l  consul tan ts  
i s  t h a t ,  before  they entered the  Biomedical Applicat ion Team program, they 
were engaged i n  consu l t an t - l i ke  a c t i v i t i e s .  I n  each case ,  they were the 
- 
J:"Biomedical Applicat ions of NASA Science & Technology," F i n a l  Report, 
15 June 1968 - 14 June 1969, Contract No. NSR-34-004-056. 
people w i th in  t h e i r  r e spec t ive  organiza t ions  t o  whom the  o t h e r  members 
of the o rgan iza t ion  came f o r  advice  and consu l t a t i on  concerning technologica l  
developments and t h e i r  a p p l i c a t i o n  t o  i nd iv idua l  research  problems. I n  
essence,  our  experience i s  t h a t  t he  person i n  an  o rgan iza t ion  who i s  a 
problem-solver,  t he  one whom col leagues  seek out  f o r  advice  i n  ma t t e r s  of 
research  and technology, i s  a person who w i l l  make a good consu l t an t .  This  
type of i nd iv idua l  w i l l ,  a s  a r e s u l t  of h i s  a c t i v i t i e s ,  evidence most of the  
q u a l i t i e s  l i s t e d  above; however, t h i s  s i n g l e  c r i t e r i o n  appears  e a s i e r  t o  
use i n  consu l t an t  s e l e c t i o n .  An a d d i t i o n a l  advantage i n  us ing  the problem- 
so lve r  i n  an  organiza t ion  a s  consu l t an t  i s  the f a c t  t h a t  he does not have 
t o  change h i s  e n t i r e  viewpoint. Rather ,  i t  i s  only necessary t h a t  h i s  
problem-solving a c t i v i t i e s  be  r eo r i en t ed  toward working wi th  the Biomedical 
Appl ica t ion  Team. 
One f u r t h e r  q u a l i t a t i v e  observa t ion  concerning t h e  consu l t an t  i s  t h a t  
a g r e a t e r  percentage of problems a r e  i d e n t i f i e d  by the  Biomedical Applica- 
t i o n  Team i n  the  a r ea  of t he  c o n s u l t a n t ' s  research  i n t e r e s t  than the  o t h e r  
f i e l d s  a t  any given i n s t i t u t i o n .  The s ign i f i cance  of t h i s  observa t ion  i s  
t h a t  consu l t an t s  should be s e l e c t e d  who a r e  themselves working i n  t he  
research  a r e a  t h a t  i s  the  s t r e n g t h  of t h e  organiza t ion .  General ly ,  each 
i n s t i t u t i o n  has a t  l e a s t  one r e sea rch  a r e a  i n  which i t  i s  very  s t rong;  
i . e . ,  a l a rge  number of r e sea rche r s  a r e  working i n  t h e  a r e a ,  t he  r e sea rche r s  
a r e  well-supported, and the  o rgan iza t ion  i s  noted f o r  i t s  work i n  the 
p a r t i c u l a r  a r ea .  The consu l t an t  should be  se l ec t ed  from t h i s  group of 
people . 
These two conclusions w i l l  be used i n  s e l e c t i n g  consu l t an t s  a t  new 
i n s t i t u t i o n s  i n  the  f u t u r e .  The consul tan t  i s  c l e a r l y  a va luab le  element 
i n  a n  e f f e c t i v e  Biomedical Appl ica t ion  Team and g r e a t  ca re  must be taken 
i n  h i s  s e l e c t i o n .  
7 . 0  PUNS FOR NEXT QUARTER 
I n  a d d i t i o n  t o  t h e  r o u t i n e  a c t i v i t i e s  of t h e  Biomedical  A p p l i c a t i o n  
Team a s  o u t l i n e d  i n  S e c t i o n  1 of  t h i s  r e p o r t ,  t h e  team w i l l  d i r e c t  a  
s i g n i f i c a n t  e f f o r t  d u r i n g  t h e  n e x t  q u a r t e r  toward t h e  f o l l o w i n g  s p e c i f i c  
t a s k s  : 
(1) A c t i v i t i e s  a t  t h e  N a t i o n a l  Cancer I n s t i t u t e  w i l l  be advanced 
t o  in fo rmat ion  s e a r c h i n g  and e v a l u a t i o n .  The team p l a n s  t o  a t t a c k  abou t  
t h r e e  problems pe r  month a t  N C I  d u r i n g  t h e  n e x t  q u a r t e r .  
( 2 )  The team p l a n s  t o  pursue  t h e  i n i t i a l  c o n t a c t s  a t  Tulane 
U n i v e r s i t y  and t h e  U n i v e r s i t y  of V i r g i n i a  and t o  de te rmine  i f  BATeam 
a c t i v i t i e s  w i l l  prove f r u i t f u l  a t  t h e s e  s c h o o l s .  
(3) Discuss ions  w i l l  be con t inued  w i t h  o f f i c i a l s  of Duke U n i v e r s i t y  
and t h e  Regional  Medical  Program t o  de te rmine  t h e  optimum method of 
u t i l i z i n g  ae rospace  technology t o  s o l v e  problems b e i n g  encountered i n  t h e  
j o i n t  programs of t h e s e  two o r g a n i z a t i o n s .  
(4) The team b e l i e v e s  t h a t  t h e  c a p a b i l i t i e s  of i n d u s t r y  have n o t  
been s u f f i c i e n t l y  u t i l i z e d  i n  t h e  Biomedical  A p p l i c a t i o n  Team program. 
To overcome t h i s  o b s t a c l e ,  t h e  team p laps  t o  l aunch  a  s t u d y  t o  d e f i n e  t h e  
methods t h a t  w i l l  a l l o w  a n  e f f e c t i v e  i n t e r f a c e  w i t h  i n d u s t r y .  
